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TAAHA ARES A Aol HT Al dwbAQl ddolm o
gl AA, sdA, FAA L b vAT P (total parenteral nutrition,
PN Fof, Ad 2 RYUHHPS $3] 54 o]th(Geldenhuys et al., 2017).
Jeiv A S AE 2 ddFH 2 AHEES Adete S
(Chien et al., 2002), 21Ao}e] &7 7 (bloodstream

infection, BSI) % I F7|4Ql A4 wde] kS w)E Hnk ofuz)
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)
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olX
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E
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et al., 2012). A1 Ao}52 2124 (neonatal intensive care unit, NICU)olA 7}4
=3 #§3Y YgsAR@Ae FARENA #Ad 7 A (central line-
associated bloodstream infection, CLABSI)©]™(Sohn et al., 2001)
AeddTAS Sol7] f3 =¥ Fa 4ol AT (Zipursky et al., 2019).
NICUel Q= Aol T 53] AAls Aok A 2 ofsd HlulafA
CLABSIC] ¢#1&¥Adeo]l ¢ #=k=dl(National Nosocomial Infections Surveillance,
2004), 1,500g mFro = ol =4 AAFT FAok= 1,500g0]d o2 Hold
Aot g ddEztdo] AT rheAdo] 3 okl & A dvk(Polin et
al., 2012).

ojghkE, AE, ALLFE FAHoE YWF7] 98] CLABSIY o2
NICUSI A -H=9 = stueldl, A8 wejd 948 &5 4835t
ofgxlel w&S F3) CLABSI UAES 74" 4 dom(Hsu et al., 2010),
=7 7k AgrE wpEe R wheoxl FAAWY WEe] o2 NICU Fhope]
CLABSI A& o] zHAaoh dAxte] Slvhe
2021). 3 CLABSIZE AYgh AlAol= ZFdo] MAlstA] ¢k AlAolol] H]E)
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et al., 2015). wehA NICU #o} k& A] CLABSIC] WAS Zolal A& 2
5 Fol7] 98 B B w=¥o]

U= CLABSIE FTARE & =wEo] Wol WaHI oy F2 4o}
gtolE Ao = 3 A (Kim et al., 2006; Moon et al., 2018)%tTh. Al Aol=
ez g AFddAe Fa AAAFT EAolelA HEAd YA zeddom
g 7MY A9 dFRHEAe] A¥dAE 24 A9 (Cho et al., 2011),
A AYopoll A Akl mA|ZFA o] CLABST WA Eo] = Jgo] thdt A7 (Yun
et al., 2019)7} oy} EA FARE Ay AFUrE. ®d NICU 3holo
AFeE A (Jeong et al., 2006)% QALor},
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Abel(Bae et al., 2018)7F By o]F = NICUIA el olmaaztdztalel
S840 UFEAT. o] AMAIAS AVIE omadAfgel gk ALg A
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NICUS 3413t
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olo] CLABSI Aol 93 als #43to &4 (CLABSI of W<

A3 ] 2AE Awety] el

3. 8 A9

1
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AR N

Ao aH#HdA AT A A A (Korean  national  healthcare-associated
Infections Surveillance system [KONIS], 2020) manual®] “g<jol we}
SAAWALS A Tl #AIgle]l Sk AU A B e
Z da T sl AX AHE FAGL e dd W FHEHEE,

Fole] F9l, FAAA wE RUHPL A8 AHgEn B dgeAs

[

catheter, PICC), W&l q TAguw, ©IF AAHAES 2ty
FAMoly ALu A3t X (extracorporeal membrane oxygenation,

ECQMO) o 22 S473t HA o2 Abgd JHHEl= A9 83l

CLABSI
KONIS manual(2020)¢] CLABSI Ao wz} dHF7<(blood stream
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1. AAoe] FARNH AL

AAol7t =2 AMEstE AU FRE= AY JHHY, ¥RA4YE
TG A AR, HEshguoes vz JAstY  AMgsE
HEds FAANT, oz Aus  Aijsle] sl ©dy
Al A Ao] 9lti(de Brito et al., 2010).

Aol Eo Al = d & 7MY AL, aglal 7PE Bl ARRE = FA AW
ANE B3k A2 Ho|hH(Haumont et al., 2008). AthA WAL 19470 g
FHYEF wrFds e A A A3L(Diamond, 1947), Alo)E @

F ZAcke] Farel Z7hg A w9F AAetelA Alv) AHHE S et
e W s mUEY, of, A FF o] gola] we] o
F 2Ad e Al AHHE ] BEEA AL BAS Fom (Tiffany et

$-7} @t(Del Prato et al., 2010).
A7 E = ARE 7IEe] Algke]l Qlo] 4 7|zte] A Al
Ask7] fg e AW ool dasithe woe] glom I fdE g
A, 2 AL, B, A A T 22 $ES(Tiffany et al., 2003),
AR AR g d ¢ fEF 2 gATH 2e A, @] T #do

oAth(Shalabi et al., 2015). %¥%¥F ofyz} Aldle] EAste ATz
el Ao m < AUZHEE @74 Aoy 715 A FE2
A ¥tk (Haumont et al., 2008).
2A ol Al RIHEA AMEEHE E thE FAAEWAA PICCY  AMES
1970 tholl E31ol S 71&E A, 1980d ) FE <177} wolxHA A=
G714 ABE Wolop s AAotECA AYste Aol dwrAEd L}
#9l=d (Camara, 2001), 6¥ o]+l A @wlo] Ha3l sxtEo] PICC 4]
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catheter hub)7} @& o] TG WAl o] GFetA waL, o]
& Qs zHge] A 4 vk, "WEE e F
Bol dRE Ehal o4 FAAI] detEe] HEEr|E s, =&
A= o9d s FuHo] digdel 2T
Disease Control and Prevention [KCDC], 2017).
7HIE el o 9A F stue= JHEE WA 2 93l whol e EFol
5= A, o] Hle]edEL JHEIEH A F 2443 ool dRel Q=
T7IE2RE AAEY F2 7MY o F gl dAddn. Azto] Al uief
SAEL JHHE U ZWex 4= o= JHHY JEE Addsta
woshs o m Qd wAs dubHow 10 ol Abgsks A7 ARE JF
BlE ol A YEPdTh(Raad et al., 1993). Hg, vle]le AF <ol gl= Al o
Abgol wt7] wiEel Al Fidol wrol AL HF7E of#)%-m (Aslam,
2008), 7175 AASHA i AdE fLel717F o " e (Cho & Cho, 2019).
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21Aoke] CLABSIONA A+ tixAl A7+ 7HEE dHoln. o]+=
A Eo] ZHEE oo ARH R mHoR olFdte Aol FHEHE
Wio]l @e ko] & HolA 3dtti(Mahieu, De Muynck, et al., 2001; Salzman
et al., 1993). Garland ‘5(2008)¢] A7l wh=w 3 Aobrk PICC A<
T By 20€87d0 drgsdel FAY=H ol WF-E B e + fgew

s LS, PICC A% BSIO) 24 7|HelN M Fad @AE hubdl

CLABSIZS Z2A17]7] 98l &34l HE SAS Hastar d+=dl(KONIS-NICU

Manual, 2020), W& A 7/fEHo=z Adell& R} 2hzte] 7 s

aFoR Fol e AFAE u dAelM e At FEE= e dvlety
wd Aol Wl SAA WA WMEo] CLABSIO| | mahAQl o] Ao

9 Aol Ao A wrE H o (Costello et al., 2008). A WHES A=

JHE A% AT Fol 2904 AW, AQRAS L B2 2 AF 9

S M FAet wd guw 24 A9 e sus AdEs
aEor dhm, =dd wAlE ARs: eAsd Tdvid wA@ Bar
gou AAAAAL 29e Aol AAF ABAD HY B9 I £5S
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oA} QA o ZA] A AsF]oF dH(Schulman et al., 2011).
9o, NICU ©]€]¢] A3tz NICUlA el CLABSI o'-s $13 =A7|w

1
o] Aoldom Ade FAHWH Y A :El FHE 2%

3. AAolo] CLABSI HAEF U2l vABE

2019 79RE 2020 6¥€7FA¢ NICU 9addzd A82 243 KONIS
NICU report (2020)e] w2, F 75701 Fro] B A 244
AN Fo] FEAA F AL 438,868YU0|ATt. HFUE HAHES
0.56/1,000 patient-days (95% CI=0.49-0.63)Qt}. dF@d 2448 =
22071(90.1%)°] T #Adw 7Hdolddt. CLABSI #HAELS 1.77/1,000

Ay
lo
)
Hu
o
o2
o

patient-days  (95% CI=1.55-2.02)% 3 A S=AAWG )7L dFE=
124,057 0130 FAA WA AREHI= 0.28(95% CI1=0.28-0.28)°]At}. &
TFE AHEY T 24319 FAelA 250dFrF BEEEAL o] T e
okto]l  16071(64.0%) 0% 7% sk BEEEHgen a@sAd g
6671(26.4%), 3t 2471(9.6%) o] ATt

2015\ -5 2017\ d7}#] 3xd7F National Healthcare Safety Network (NHSN)oll
Hig AsE bgor AAol 9 Ao} Fopeo] omadizhel A A5t
A A A dA3S FAMSE WA (Weiner-Lastinger et al., 2020)°] w=wW,
740702 NICUell A Ha1gk CLABSISl {1Q1 H#F < 46%c  Staphylococcus
speciesth. 7Fg wWIRHSHA ¥ > Staphylococcus  aureus?t A
5,474  H#F F 1,3817(25.2%)&  AA|em  coagulase-negative
staphylococci 1,1457(20.9%), Escherichia coli 59671(10.9%), FEnterococcus



faecalis 48371(8.8%) <=°]AT}.
NICUSIAM e daaddgos 3t #8359 Ui a3y JHHEHS
Hol d=dl, A4 7| me BYEHE 7Y TRE AEEd AT 30Y

%

olyl A JhElY A g8FY U9 wAES coagulase-negative
Staphylococcus, Staphylococcus aureus, Enterococcus, gram—negative enteric
rodso]al, 30¥ o]|%o WA FteEH #FH FHIS A= coagulase-negative
Staphylococcus”7F 71 &3 Q1 wjAy&E oA tH(Brady, 2005). PICCE HE.-f3shal
A= Aol CLABSIE do7l= a2 Y F A 257+
coagulase—negative Staphylococcus (55.6%)7F W1 & A HE]glom 1 o]F o=
2w (58.3%) 0] = 2] = At (Sengupta et al., 2010).

Aot A CLABSISH 74 wd T dadFs ddsta Adedls £48=
e FZE A (Zingg et al., 2011)oA]

coagulase-negative staphylococciZ} 7F% HIWHE A EHHJQoW(77%) L

o

=
Ho
>
ro
it
K
A
i
o
rlr
=

Zo|M%  Staphylococcus — epidermidis?y 7V We O WILEE A
Escherichia coli (8.7%)7} & ©]3t}.

2ol g dAtd AFolA dFEe Yl #FE  coagulase-negative
staphylococciol gk ZolAIRt, <dX-oM= ITdgAdTe HAol Tad
deld oz FAE 7= 318 th(Abdel-Wahab et al., 2013; Tekin et al., 2013).
]l kel WS w, NICU 44 ghopol A CLABSIO] Hles+ A<l

TFAYSERI R Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae®t

e aggAdare] vlge] AiAe® ¢ =8kt (Cho & Cho, 2019), o]+

Agponne AF ool ] Welm F W sl &4, A9

G, AR A%l AW 5o s P AT JUS FFRE BojolA
T2 YEerst(Mobley & Bizzarro, 2017).
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al., 2004).

ol ATelA 4 fFedore W FAAFTMahieu, De Muynck, et
al., 2001), 7FelE ® 7]7Fe] A& (Balkhy et al., 2010; Njere et al., 2011)
7FelE ¢l == (Mahieu, De Dooy, et al., 2001), TPN] A}-&-(Mahieu, De Muynck,
et al., 2001; Olsen et al., 2009; Perlman et al., 2007; Zingg et al., 2011),
A A o] Fof(Costello et al., 2009; Elward & Fraser, 2006), & ¢
ZFHE A4 (Rosado et al., 2018), &7 ul ®We|(Dahan et al., 2016), T
lumen ZFelE] e} ®]nl3}e] 3-lumen 7FENEl 9] H(Zurcher et al., 2004) F°] A
Atk

NICUE 3:E3He vhst ICUelA xsd old ATelAe 933 Ado] U=
atol A CLABSIS] #1dlo] Z7hsli Ao = Yelstti(Blanchard et al., 2013;
Coffin et al., 2014; Niedner et al., 2011). %% ¥ FFA 4TS
MAE 842 oY MAsTe] dRre olsd Zlostew BSIE

1tH(Graham et al., 2006). M AYE 940 Ade Hop 22, & IF
A, WA AA w5 (Sherman, 20105 Wiest & Rath, 2003), % 9133 &%
°f(Niedner et al., 2011)¢} ¥#&o] low HE Fw BAF &, ¢
5, AT 22 AHE 7 SR A H T (Gatt et al., 2007;
MacFie et al., 2006).

7HAE Sl wE CLABSI A ES Aol AvuEd, Aejd® 305 v
ol Al A A AFds PICC, #1of”d ™3 (umbilical venous catheter, UVC),
WCE WA A F o]olA PICCE AHYde Al w9 1,0007FHE o 3 CLABSI
HAEe 747h 12.37, 7.87, 10.07e= Al I3t it Aol
gl e (Shalabi et al., 2015). A AT 345 o Lofold thETHA D,
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UVC, PICCO] CLABSI A& wlwgk AtelAl= 1,000 7FeHIE 9 © CLABSI
WAES 747t 12.37, 10.67, 5.37 0% JHHE FF H (LABSI ZAES
Hoz fFo3k Aol AATH(Dubbink-Verheij et al., 2017). L2}
43 JHE Y Afoe AT Ee] A 15AeE vlasiA 75, 957

3tA3] ZF718FAtH(Greenberg et al., 2015).

ZVElEl B 717kl e CLABSIS) 9@ eslow & oy
Sengupta 5(2010)¢] 91 w=w PICCE A3 A% 18Y ¢k CLABSIC]
AEo] % 9 4% 7o, PICC A9 F 19¢4E 35¢7HA+= Fol7}
S AEATH7F 36YH-E 60L 74 += CLABSIS] ¥ Eo] 3lFol 33% Z71asitt.
=, PICCE HEF3 ol A9 359 o]Fo] CLABSIS $]3o] mld A5al7]
o ]

woll 7k o] 73k o] ol A o] Fastuy PICCE uA|7} Hasitt

of
=

4

2

s

1L‘]

(i

i3
N

o
=

FHlEl A9l FeE g ecdls A¥RY, VBWIAerE: o= @
A7 (Tsai et al., 2009)°A thHE HF-flo PICCE AAT AAol= thE o] ]9
F-elol Abder AlAoret mlmgls w CLABSI A E&o] A s
=0 (22.5% vs. 12.2%, p=0.002), CLABSI AU LE% =t}h(10.971/1,000
FHeE & vs. 6.871/1,000 7HEHIE ¢, =0.012).

oj¢fol = HFA  Axpeh IF E4Fo]l NICU hobe] CLABSIS] ¥
Z7HA71=d (Healy et al., 2013), °o|& 3wz sl= TAZE Dahan (2016)9]
ATelM = FHEA HA7E CLABSIY #1381 o¥ S7HA7I= A3 Aol

PICCE A28 sfdF(late onset sepsis)?] o] 7187 el o <9
AETI(Al Raiy et al., 2010), 7HelEle} #Ae Ay
HPFe] AP WC7F 5~7del F7ksk= Aol wlaEl PICCE 7HeE Rf £
3pAe]l A F Frheke Ao® HAEATH(Butler-0'Hara et al., 2012;
Sengupta et al., 2010; Zingg et al., 2011).
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NICUe 213st 3tole] CLABSI /g @9l EAgo=zx (CLABSI oS 93

A% AP e 2% AFS) 8] 48 FRH -tz Aol

N
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M A 271594 RS AT EE e 588 R el NICUCA 20194
19 19%E 202003 129 319 Alolo] FAANAE A F 48A1% o)t
HAskar NICUel 39 o Add ZtolE didoe= aigithk. A3 NICU
dadstel B ®Eolu FEAEAE HAES b oAl NIGUE  iAskE
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st w7 ate]  ARgMIE 1132 slo] 1359 9

CLABSIZ} 271 o] Ak Aol Wl Ag A CLABSIAMEE o=
ST

A7 A e 2wl 28 7 AP Z=T33Q epiR (Stevenson et al,
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Table 1. Comparison of General Characteristics between Cases and Controls

N(%), mean+SD

Univariate analysis

Variables Control Case Matched 95% CI P
(n=135) (n=45) OR Lower Upper value

Gender

Male 78 (57.8) 26 (57.8)

Female 57 (42.2) 19 (42.2)
Weight(g)

<750 25 (18.5) 14 (31.0) 2.32 0.282 19.041 .434

751~1,000 25 (18.5) 9 (20.0) 1.31 0.160 10.681 .801

1,001~1,500 38 (28.1) 7 (15.6) 0.39 0.062 2.411  .308

1,501~2,500 32 (23.8) 8 (17.8) 0.45 0.099 2.049 .301

>2,500 15 (11.1) 7 (15.6) 1

Total 1,400.51£760.87 1,401.93£985.04 1.00 0.999 1.001  .983
GA(week) 30.11+4.39 30.00+4.47
Delivery type

Vaginal 5 (3.7) 4 (8.9) 1

C/S 130 (96.3) 41 (91.1) 0.33 0.072 1.551 .161
Premature rupture of membranes

No 76 (56.3) 25 (55.6) 1

<18hrs 31 (23.0) 11 (24.4) 1.07 0.488 2.357  .862

>18rhs 28 (20.7) 9 (20.0) 0.97 0.402 2.358  .951
Fetal distress

No 106 (78.5) 32 (71.1) 1

Yes 29 (21.5) 13 (28.9) 1.42 0.694 2.904  .337
Nuchal cord

No 131 (97.0) 45 (100.0) ,

Ves 4 (3.0) 0 (0.0) Not Estimated
Resuscitation

No 56 (41.5) 13 (28.9) 1

Yes 79 (58.5) 32 (71.1) 1.89 0.872 4.075 .107
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Table 1. Continued

N(%), mean=®SD Univariate analysis
Variables Control Case Matched 95% CI P
(n=135) (n=45) OR Lower Upper value

Cardiac massage

No 133 (98.5) 44 (97.8) 1

Yes 2 (1.5) 1(2.2) 1.50 0.136 16.542 .740
02 inhalation

No 25 (18.5) 3 (6.7) 1

Yes 110 (81.5) 42 (93.3) 3.06 0.891 10.509 .075

Positive pressure ventilation

No 53 (39.3) 15 (33.3) 1

Yes 82 (60.7) 30 (66.7) 1.30  0.632 2.667  .476
Meconium stain

No 123 (91.1) 45 (100.0)

Yes 12 (8.9) 0 (0.0)

Not Estimated

Apgar score
At 1 min 5.10£1.87 4.44+1.82 0.77 0.614 0.959 .020
At 5 min 7.06+1.46 6.58+1.57 0.74 0.563 0.971 .029

Diagnosis code

P code” 115 (85.2) 35 (77.8) 1 .305
Q code T 18 (13.3) 10 (22.2) 2.75 0.759 9.959 .123
Others 2 (1.5) 0 (0.0) Not Estimated

SD=standard deviation; OR=odds ratio; Cl=confidence intervals; GA=gestational age;

C/S=cesarean section.

"Diagnosis corresponding to a specific condition originating before and after
birth (PO0~P96).

TDiagnosis corresponding to congenital anomalies, deformities and

chromosomal abnormalities (Q00~Q99).
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Abgltoll A FRbdglo]l gl $holi= 389 (84.4%)°]al thzwtollA 1124
(83.00) 0. = SAHoZ FoF Aol= AT, TWrESe] FiF

Atgltol A F@ 3 JHE%(Patent ductus arteriosus)s EHFEH Zlol= 144
(31.1%), wHxwolA 16W(11.9%) 02 EAZHoR Hol3t xol7b At
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i }\L_qin:]
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o]/ (Bronchopulmonary dysplasia)S &WHsh 3tol= 239 (51.1%), THZET"olA
467 (34.10) o= FAASE  Folgk Aol7t UATH(matched OR=2.64, 95%
Cl1=1.157-6.043, p=.021). =L 9ol &Z7A A%, HAd W &9, YA 24
% Zelel

HrAZEEE, AHE AEAT, oowg, ege AR fod

o

] 3§

L o

zfo] 7} ¢l th(Table 2).

Table 2. Comparison of Comorbidities between Cases and Controls

N(%), mean=®SD Univariate analysis
Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower Upper value

Comorbidities

No 23 (17.0) 7 (15.6) 1

Yes 112 (83.0) 38 (84.4) 1.14 0.419 3.073 .802
Respiratory disease

No 58 (43.0) 15 (33.3) 1

Yes 77 (57.0) 30 (66.7) 1.96 0.79 4.862 . 146
Patent ductus arteriosus

No 119 (88.1) 31 (68.9) 1

Yes 16 (11.9) 14 (31.1) 3.28 1.429 7.529 .005

Intraventricular hemorrhage

No 118 (87.4) 43 (95.6) 1

Yes 17 (12.6) 2 (4.4) 0.31 0.069 1.431 .134
Necrotizing enterocolitis

No 129 (95.6) 42 (93.3) 1

Yes 6 (4.4) 3 (6.7) 1.50  0.375 5.998  .566
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Table 2. Continued

N(%), mean=£SD Univariate analysis
Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower Upper value

Bronchopulmonary dysplasia

No 89 (65.9) 22 (48.9) 1

Yes 46 (34.1) 23 (51.1) 2.64 1.157  6.043 .021
Meconium plug syndrome

No 131 (97.0) 43 (95.6) 1

Yes 4 (3.0) 2 (4.4) 1.50  0.275 8.189 .639
Congenital heart disease

No 113 (83.7) 42 (93.3) 1

Yes 22 (16.3) 3 (6.7) 0.39 0.112 1.326 .130
Congenital diaphragmatic hernia

No 135 (100.0) 44 (97.8)

Yes 0 (0.0) 1(2.2)

Not Estimated

Gastrointestinal disease

No 130 (96.3) 42 (93.3) 1

Yes 5 (3.7) 3 (6.7) 2.10 0.402 10.953  .379
Others

No 120 (88.9) 42 (93.3) 1

Yes 15 (11.1) 3 (6.7) 0.56 0.151 2.065 .382

SD=standard deviation; OR=odds ratio; Cl=confidence intervals.

Ao A] 4 AE o] 9= Fol= 20 (44.4%), ulF oAl 337 (24.4%) 0=

EAFo2 F93 o7 JAth(matched OR=2.52, 95% CI=1.222-5.211,

.012). & THEZ AHRY AHTdA AAA e 3 oyt 7
=z

(15.6%), thxaolAx 8H (5.9 =2 FAASZ {23 xfo]7l AT (matched
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OR=3.28, 95% CI=1.013-10.622, p=.047). L o AAA, 5714, 4334,

H 2714, MBS T2 SAIFSZ Fo3k #o]7F gl th(Table 3).

Table 3. Comparison of Surgery between Cases and Controls

N(%), mean®SD Univariate analysis
Variables Control Case Matched 95% CI P
(n=135) (n=45) OR Lower Upper value

Surgery

No 102 (75.6) 25 (55.6) 1

Yes 33 (24.4) 20 (44.4) 2.52 1.222 5.211 .012
Neurologic surgery

No 133 (98.5) 45 (100.0)

Not Estimated
Yes 2 (1.5) 0 (0.0)

Respiratory surgery

No 133 (98.5) 43 (95.6) 1

Yes 2 (1.5) 2 (4.4) 3.00 0.423 21.297 .271
Cardiac surgery

No 127 (94.1) 38 (84.4) 1

Yes 8 (5.9) 7 (15.6) 3.28 1.013 10.622  .047
Gastrointestinal surgery

No 111 (82.2) 34 (75.6) 1

Yes 24 (17.8) 11 (24.4) 1.48 0.663 3.317 .337
Genitourinary surgery

No 132 (97.8) 45 (100.0)

Yes 3 (2.2) 0 (0.0)

Not Estimated

Neoplasm surgery

No 133 (98.5) 45 (100.0)
Not Estimated
Yes 2 (1.5) 0 (0.0)
Others
No 134 (99.3) 42 (93.3)
Not Estimated
Yes 1 (0.7) 3 (6.7)

SD=standard deviation; OR=odds ratio; CI=confidence intervals.
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4. AF4 717 A R Ale 9%

Aol HEA 7S ARE S Stob= 457(100.0%) tHEroll Al 135%
(100.0%) 0.2 Abdlrd} thzate] RE Foprt HFA 7|FE ARSI, HE
2 719 FREE Avrd AlddolA dFIEFIE AREE $ols 361
(80.0%) tHzrellA] 807 (59.3%) o2 FAA SR fFoJgk xto]7F A TH(matched
OR=2.97, 95% CI=1.285-6.876, p=.010). L 9o & Zxu¥, I3 Fr, 7]
TENE, W, FH ] AR froldh Afolrh gk, HE Atdltel A A
H2 AXE AP Fokz 38(6.7%), LA 6B (44002 FAHOR
F93 Aol A, FHFEE AHBEGS v FH AY, 71E AX A

gt xfol 7 it (Table 4).

Table 4. Comparison of Invasive Procedures and Device Usage between Cases

and Controls

N(%), mean®SD Univariate analysis
Variables Control Case Matched 95% CI P
(n=135) (n=45) OR Lower Upper  value

Use of invasive device

No 0 (0.0) 0 (0.0)

Not Estimated

Yes 135 (100.0) 45 (100.0)
Ventilator

No 55 (40.7) 9 (20.0) 1

Yes 80 (59.3) 36 (80.0) 2.97 1.285 6.876 .010

Urinary catheter
No 123 (91.1) 38 (84.4) 1
Yes 12 (8.9) 7 (15.6) 1.93 0.697 5.368 .205

(avage tube

No 0 (0.0) 0 (0.0) Not Estimated
Yes 135 (100.0) 45 (100.0)

Tracheostomy
No 135 (100.0) 45 (100.0) Not Estimated
Yes 0 (0.0) 0 (0.0)
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Table 4. Continued

N(%), meanzSD

Univariate analysis

Variables Control Case Matched 95% CI P
(n=135) (n=45) OR Lower Upper value

Drainage tube

No 111 (82.2) 37 (82.2) 1

Yes 24 (17.8) 8 (17.8) 1.00 0.397 2.519 >.999
Arterial line

No 62 (45.9) 14 (31.1) 1

Yes 73 (54.1) 31 (68.9) 1.96 0.932 4.108 .076
Invasive procedure

No 129 (95.6) 42 (93.3) 1

Yes 6 (4.4) 3 (6.7) 1.56 0.363 6.674 .551
Chest tube insertion

No 131 (97.0) 42 (93.3) 1

Yes 4 (3.0) 3 (6.7) 2.52 0.494 12.839  .266
Other procedures

No 133 (98.5) 45 (100.0)

Not Estimated
Yes 2 (1.5) 0 (0.0)

SD=standard deviation; OR=odds ratio;

CI=confidence intervals.
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5. A, TN, A9 A, ¢8 R 7|8 =2 AR A

At A A AS AFEE Shol= 429(93.3%), thRwtolA 1239 (91.1%) 2
2 AMT Y gE2e] g Stolrt FAAE ARSI T o gl AL
2 ok zol= k. FAA FREE AHEWA Al A glycopeptides
A FAAES AFE3E Blol= 239 (51.1%) thERTol A 457 (33.3%) 082 98 x}
o] 7} 4tk (matched OR=2.13, 95% CI=1.054-4.295, p=.035). 3H FAAES A
oJgt EES AFEY AtHTAdA FES §F ol 359 (77.8%) tiFatol A
817 (60.0%) 2.2 f2]3k =Fo]7F A th(matched OR=2.55, 95% CI=1.116-5.807,
7=.026). TESH AlgETol A AH RO E=E Tk Fol= 227 (48.9%), wWETol
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2 tH(Table 5).
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Table 5. Usage of Antibiotics, Fluids, Transfusion and Drugs between Cases

and Controls

N(%), mean®SD Univariate analysis
Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower Upper  value

Antibiotics usage

No 12 (8.9) 3 (6.7) 1

Yes 123 (91.1) 42 (93.3) 1.42 0.354 5.652 .623
Aminoglycosides

No 38 (28.1) 19 (42.2) 1

Yes 97 (71.9) 26 (57.8) 0.49 0.227 1.06 .070
Cephalosporins

No 114 (84.4) 36 (80.0) 1

Yes 21 (15.6) 9 (20.0) 1.36 0.571  3.242 .486
Penicillin

No 30 (22.2) 10 (22.2) 1

Yes 105 (77.8) 35 (77.8) 1.00 0.412 2.43 >.999
B-lactamase inhibitor

No 93 (68.9) 24 (53.3) 1

Yes 42 (31.1) 21 (46.7) 1.91 0.959 3.82 .065
Glycopeptides

No 90 (66.7) 22 (48.9) 1

ves 45 (33.3) 23 (51.1) 2.13 1.054  4.295 .035
Carbapenems

No 103 (76.3) 29 (64.4) 1

Yes 32 (23.7) 16 (35.6) 2.04 0.889  4.671 .092
Macrolide

No 127 (94.1) 42 (93.3) 1

Yes 8 (5.9) 3 (6.7) 1.13 0.298  4.241 .861
Sulfonamide

No 134 (99.3) 43 (95.6) 1

Yes 1(0.7) 2 (4.4) 6.00 0.544  66.169 . 143
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Table 5. Continued

N(%), mean+SD

Univariate analysis

Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower  Upper  value
Antiviral
No 135 (100.0) 44 (97.8)
Not Estimated
Yes 0 (0.0) 1(2.2)
Antifungal
No 80 (59.3) 22 (48.9) 1
Yes 55 (40.7) 23 (51.1) 2.49 0.877  7.038 .086
Other antibiotics
No 127 (94.1) 44 (97.8) 1
Yes 8 (5.9) 1(2.2) 0.35 0.042  2.952 .337
Total parenteral nutrition
No 1 (0.7) 0 (0.0)
Not Estimated
Yes 134 (99.3) 45 (100.0)
Lipid
No 1 (0.7) 0 (0.0)
Not Estimated
Yes 134 (99.3) 45 (100.0)
Transfusion
No 54 (40.0) 10 (22.2) 1
Yes 81 (60.0) 35 (77.8) 2.55 1.116  5.807 .026
Steroid
No 94 (69.6) 23 (51.1) 1
Yes 41 (30.4) 22 (48.9) 2.77 1.226  6.272 .014
Albumin
No 114 (84.4) 35 (77.8) 1
Yes 21 (15.6) 10 (22.2) 1.50 0.668 3.369 .326

SD=standard deviation; OR=odds ratio; CI=confidence intervals.
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Table 6. Comparison of Central Venous Catheter Related Factors between Cases

and Controls

N(%), mean=®SD Univariate analysis
Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower  Upper value

Type of CVC

Umbilical catheter 15 (11.1) 3 (6.7) 1

PICC 112 (83.0) 36 (80.0) 1.72 0.47 6.265 414
C-line 8 (5.9) 6 (13.3) 5.06 0.823 31.122 .080
Insertion site

Umbilical 16 (11.9) 3 (6.7) 1

Antecubital 101 (74.8) 30 (66.7) 1.79 0.472  6.768 .393
Subclavian 0 (0.0) 0 (0.0) Not Estimated
Internal jugular 7 (5.2) 5 (11.1) 4.69 0.724 30.37 .105
Femoral 1 (0.7) 1(2.2) 6.65 0.298 148.576 .231
Others 10 (7.4) 6 (13.3) Not Estimated
Number of lumens

1 117 (86.7) 37 (82.2) 1

2 13 (9.6) 7 (15.6) 1.75 0.634  4.836 .280
3 5 (3.7) 1(2.2) 0.62 0.072  5.329 .664
Place of insertion

ICU 128 (94.8) 40 (88.9) 1

Operating room 7 (5.2) 5 (11.1) 2.66 0.686 10.318 .157
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Table 6. Continued

N(%), mean=®SD Univariate analysis
Variables Control Case Mat ched 95% CI P
(n=135) (n=45) OR Lower  Upper value

Provider

Staff 96 (71.1) 31 (68.9) 1

Resident 13 (9.6) 6 (13.3) 1.38  0.498 3.833 .534

CNS 26 (19.3) 7 (15.6) 0.82 0.31 2.18 .695

No record 0 (0.0) 1(2.2) Not Estimated
Reinsertion after failure

Yes 13 (9.6) 4 (8.9) 1

No 122 (90.4) 41 (91.1) 1.09 0.34  3.497 .884
Catheter indwelling time

<7 days 19 (14.1) 4 (8.9) 1

8-14 days 37 (27.4) 5 (11.1) 0.63 0.157 2.521 512

15-21 days 29 (21.5) 5 (11.1) 0.88 0.217 3.577 .859

>22 days 50 (37.0) 31 (68.9) 3.25  1.018 10.365 .046

SD=standard deviation; OR=odds ratio; CI=confidence intervals; PICC=peripherally
inserted central catheter; C-line=central line; ICU=intensive care unit;

CNS=clinical nurse specialist.
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Table 7. Multivariate Conditional Logistic Regression Analysis of Risk
Factors for Central Line-Associated Bloodstream Infections in Neonatal

Intensive Care Unit Patients

Mat ched 95% CI P
Variables B SE
OR Lower Upper value
Patent ductus arteriosus
No 1
Yes 1.059 0.461 2.88 1.167  7.128 .022
Catheter indwelling time
< 22 days 1
>22 days 1.289 0.39%4 3.63 1.676  7.863 .001

SE=standard error; OR=odds ratio; Cl=confidence intervals.
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Table 1. Number (%) of Microorganisms Isolated from Neonatal Intensive Care
Unit Patients with Central Line-Associated Bloodstream Infection

(n=45, multiple responses)

Pathogens N(%)
Gram—positive bacteria 28 (59.6)
Coagulase-negative staphylococci 16 (57.1)
Enterococcus faecalis 6 (21.4)
Staphylococcus aureus 4 (14.3)
MRSA 1 (25.0)
Enterococcus faecium 1 (3.6)
Others 1 (3.6)
Gram—negative bacteria 17 (36.2)
Klebsiella pneumoniae 9 (52.9)
ESBL 4 (44.4)
CRE 1 (11.D
Burkholderia cepacia 4 (23.5)
Serratia marcescens 2 (11.8)
Escherichia coli 1 (5.9)
Others 1 (5.9)
Fungi 2 (4.2)
Candida albicans 1 (50.0)
Candida glabrata 1 (50.0)

MRSA=methicillin-resistant Staphylococcus aureus, CRE=carbapenem-resistant

Enterobacteriaceae; ESBL= Extended-spectrum beta-lactamases.
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Table 2. Result of Central

Neonatal Intensive Care Unit

Line-Associated Bloodstream Infections in

(N=45)

Variables

N(%), mean£SD

Day of insertion ~ day of CLABSI
Status at discharge

Discharge

Death

Transfer to another ward or ICU

Other hospital

26.16+20.25

31 (68.9)
2 (4.4)
11 (24.4)
1 (2.2)

SD=standard deviation; CLABSI=central line-associated blood stream infection;

ICU=intensive care unit.
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ABSTRACT

Risk Factors for
Central Line—associated Bloodstream Infection
in Neonatal Intensive Care Unit Patients

Ahn, Kyung Hye

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

Jeong, Jae Sim, RN, Ph.D

Purpose: The purpose of this study was to contribute to reducing the
incidence of central line associated bloodstream infection (CLABSI) and to
seek effective infection control measures by analyzing factors affecting the

occurrence of CLABSI in patients in neonatal intensive care units (NICU).

Methods: This was a retrospective case—control study designed to analyze the
epidemiologic characteristics and risk factors related to CLABSI in NICU
patients. Among the neonates who were admitted to the NICU with 58 beds in
Seoul between January 1, 2019 and December 31, 2020, patients who had a
central venous catheter for 48 hours or more and stayed for 3 days or more
were included. Among them, 45 patients with CLABSI were used as the case
group, and among the neonates who did not develop CLABSI, 135 control
subjects were matched with the same sex and gestational age at birth (£ 7
days). For statistical analysis, conditional logistic regression analysis
was performed using SAS version 9.4, and risk factors were identified through

univariate analysis and multivariate analysis.
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Results: In univariate analysis, l-minute and 5—minute Apgar score, patent
ductus arteriosus, bronchopulmonary dysplasia, experience of surgery,
cardiac surgery, use of ventilator, use of glycopeptides antibiotics,
transfusion and steroid administration, central venous catheter dwell time
more than 22 days was found to be a risk factor for CLABSI. As a result of
multivariate analysis, patent ductus arteriosus (matched OR: 2.88, 95%
CI=1.167-7.128, p=.022) and central venous catheter dwell time for more than
22 days (matched OR: 3.63, 95% CI=1.676-7.863, p=.001) was found to be an
independent risk factor for CLABSI.

Conclusion: If the patient was diagnosed with patent ductus arteriosus, the
dwell time of the central venous catheter for 22 days or more was found to
be a risk factor for CLABSI. Based on the risk factors for CLABSI in this
study, we believe that it can be used as basic data to prevent CLABSI in
advance and reduce the incidence of infection by providing an effective

infection control strategy.

Key Words: NICU, Central line—associated bloodstream infection, Risk factors,

Case-control study
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