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Prevention and Management of Ventilator-Associated Pneumonia

Seung Yong Park and Heung Bum Lee

Department of Internal Medicine, Research Institute of Clinical Medicine, Chonbuk National University Medical School, Jeonju, Korea

Mechanical ventilation is currently an indispensable element within a hospital’s intensive care unit (ICU). Regrettably,
mechanical ventilation is also strongly associated with the risk of contracting ventilator-associated pneumonia (VAP), which is one
of the most common causes of mortality and morbidity within the ICU, and has been for many years. The incidence of VAP has
decreased in the last 10 years, from 14 to 9-10 cases per 1,000 days of mechanical ventilation. This has been an important
achievement; however, hospital-acquired pneumonia and VAP still carry very high rates of morbidity and mortality, not to mention
high financial costs as well. This comprehensive review explores our current understanding of the etiology and pathogenesis of
VAP and proposes a strategy for its treatment and prevention. (Korean J Med 2014;86:537-545)

Keywords: Ventilator-associated pneumonia; Prevention; Treatment

Moo= o] T} Agolct Hso] 2t Aleluiet F3HAAe] EAoIL}
Welo] E4jo] hEnR wauEe} Hela 5o ofsly
0155 7] A3 | H(Ventilator-associated pneumonia, VAP) B ol ThE ORARS Holtl]]. Tlio] ol 2E 5] vt
Z 7IA] 5 A SAtelA 7Pt s3I A HH ol ol ofA= olof theh geket Mok WRjolut
9] shHE[1], 71AE7] AF Al ole Hgolu 52 || 2|7 9 oApdEr Sof Bk #2323 AEAYS fe
O] A&7l A &2 St Z|H oy 7 AR glo|th & S = e 2gY] A HEe ot A=
AJAFE 3 48A17F o] Fof] F| o] BAYRE 9= A oJRiti1]. Hofl thgt 24l AdE Fopd iz}l shQiT
¢Atoll OJshH VAPE: 7]Hatatk 2Exte] OF 9-27% A teof|A]
AYslal, T Hles ZIASE7 IR BlERie2]. 12y VAP QFSE7| St Wi Tt
I pAE oehE dAte A B FollA #ESHE ] A
e Uk ofyet AR Zholl A8 HE e Mk 7% VAP |53t 9 At | H(hospital-acquired pneumonia,
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Table 1. Specific site algorithms for clinically defined pneumonia
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Radiology

of the following
Signs/Symptoms/ For ANY PATIENT, at least one of the following:
Laboratory + Fever (> 38°C or > 100.4°F)

+ Leukopenia (< 4,000 WBC/mm”) or leukocytosis

(> 12,000 WBC/mm’)

Two or more serial chest radiographs with at least one ¢ New or progressive and persistent infiltrate

+ Consolidation

+ Cavitation

+ At least two of the following:

+ New onset of purulent sputum, or change in character
of sputum, or increased respiratory secretions, or
increased suctioning requirements

« For adults > 70 years old, altered mental status with + New onset or worsening cough, or dyspnea, or

no other recognized cause

Threshold values for
cultured specimens
used in the diagnosis
of pneumonia

Specimen collection/technique
Lung parenchyma
Bronchoscopically obtained
Bronchoalveolar lavage
Protected BAL
Protected specimen brushing
Nonbronchoscopically obtained
NB-BAL
NB-PSB

tachypnea

+ Rales or bronchial breath sounds

+ Worsening gas exchange (e.g., O, desaturations (e.g.,
Pa0,/FiO; < 240), increased oxygen requirements,
or increased ventilator demand)

Values
>10°* CFU/g tissue

>10* CFU/g tissue
>10* CFU/g tissue
> 10’ CFU/mL

>10* CFU/g tissue
> 10’ CFU/mL
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I 5 AeEZ7] At wi@e ko] dish vhA] Bk A
o] FastAtH12].

(¢}

OIZSEY| HE M| ozt
VAPS ERHeF HAPS] WPl 5H 7]l Helet nlaye
of ot WU, TElT £ Wkt BAB. LS
TUE T e ERAN 48] Afehs ulgEel
A

1] A& Q)(microaspiration) 0] F=l =0 9l 2A}o] AR
i 2 B 7|AEE} R oe] QIti13]. 2008
the Society of Healthcare Epidemiology®} infectious Diseases
Society of America (IDSA)= VAP2Q] ojHlS ¢J3t 2|AAS
HE7F51 A TH(Table 2) [14].

AAE 71AR] 717k #4383 28 vHAEdS
Z|igh E0]7] $13k A=f Yol A7 =t axshr] o] 4
Fo= 42 Z£9o|= WH(decontamination) S EZ 3181 Q)T

v oY A=fRE ol AAIR VAPE EQlth= a4

= 1749 A (orophayngeal and/or digestive decontamination)
ezt gt WRolt1s]).
9}2}-9](supine position)o]] H]3} HF2}2](semi-recumbent posi-
tion)7} QI HIQIF B 9141 = 80 wAlEelS 21
the B2 d7-As0] 1em[16,17], o]% Al3¥H RCT
A= Fetiel vlal whebel= HAPS] WS =
Hu Atz Qe 27|S2 S UCH18]. Z12u AAl fdol
A 45 S FAIShs ECto] niEo] o3t 55wt &
o

A 5ol W 4 glo] Folvk Wash] upe] Ak

=)
i)
Ir

=
=

gk A3k st FolA] tiatel] Hs) VAPY walE
W EBAA A ZIRE 7AR] 712 5 g 1
Yollm B7oka FIAA AgEolL A A Ees 2
GHL vAA] EHAHIL HE TP E SRR
ek Folo] TbestES Susl AlabE /=AY R

-Lo Evac, Mallinckrodt Inc; Athlon, Ireland)7} AR&-%]37 QJch

=

Table 2. Strategies to prevent ventilator-associated pneumonia in acute care hospitals

General strategies that have been found to influence the risk of VAP

+ Conduct active surveillance for VAP

+ Adhere to hand hygiene guidelines published by the Centers for Disease Control and Prevention or the World Health Organization.

+ Use noninvasive ventilation whenever possible.

* Minimize the duration of ventilation.

+ Perform daily assessments of readiness to wean and use weaning protocols.

+ Educate healthcare personnel who care for patients undergoing ventilation about VAP.

Strategies to prevent aspiration

+ Maintain patients in a semirecumbent position (30°-45° elevation of the head of the bed) unless there are contraindications

+ Avoid gastric overdistention.

+ Avoid unplanned extubation and reintubation.

+ Use a cuffed endotracheal tube with in-line or subglottic suctioning.

+ Maintain an endotracheal cuff pressure of at least 20 cm H2O.
Strategies to reduce colonization of the aerodigestive tract

+ Orotracheal intubation is preferable to nasotracheal intubation.

+ Avoid histamine receptor 2 (H2)-blocking agents and proton pump inhibitors for patients who are not at high risk for developing a

stress ulcer or stress gastritis.

+ Perform regular oral care with an antiseptic solution. The optimal frequency for oral care is unresolved.

Strategies to minimize contamination of equipment used to care for patients receiving mechanical ventilation

+ Remove condensate from ventilatory circuits. Keep the ventilatory circuit closed during condensate removal.

+ Change the ventilatory circuit only when visibly soiled or malfunctioning.

+ Store and disinfect respiratory therapy equipment properly.

- 539 -



— g Eersl A 286 A A5 5 EAU Al 645 B 2014

ol

e

33 T Ao o 80%7t
4= Qltk o]t FRle FA1Te] Qx| whE A}
Ao R deA glon x| A& oF 3045
oltS &
S v 44]

o X

H-I rlr m;I_,
hu

U= [
U o4
I
PO
o roh o
2
n (o
A . —
By e
N
o 7
oy
ok N
IIE _11240_
fF b

ol
-

f
|
i)
Ir
X
I
o
jul [
>
)
=2
do
N
2
)

AN
ol
of
ol
2
9
N
N}
W
3
©
oX
o
rg
Jr
)
oo
o\
0%
ol
o,
N
N
N
N

B2 5teH20-22]. T3 AR T FAL FAAI17] 93
o

lo & > opf oo &AL ox oX

e e oor

4= Qth= A2} = NASCENT study’+= silver-coated tube
7} thzzol vlato] felgk nlgEsi o 21E VAPe)
Hl &7} VAPO] M| 7RI €] 7]7be] ghag B lr27]
ey 7R 717k u S A 71%E, e ar AR
Eoll= YR Afo|E HolA| Tk 7|Ef AEH A AR
A 28 §-7F2| glucocorticoid”t HAPS] Y-S ot 4=
okl Aljke o]%, S5 A e s o A
of| A 273t hydrocortisone2 FoR2- wtof| 4] izt H]
3] HAPo]| ¥HAjo] W& A= H ¢l (hazard ratio 0/47, 95%
CI 0.25-0.86) [28], 7| Al=59 717t AUYEEESO T4
S AaAF oY AFE A= 2 ZpolE HolA] gt 1
b o HET FAES de R 3 v dtelAs
HAPO] S Fol#] JaL 235|8 AMYES S7HIRIH
= A= qlo] % olof tigt it At7h Faste|et
A,

oflA ARt AAH VAPY o2 ffsfixl= 2d3 o]
7 Sgel B4 Belvh Lagd olzie ton Bo
2Hbundle approach)2 A]8Y35}aL QITt. Berenholtz 5{29]°] A|
ARt 71 A1g7] A| 2 (ventilator bundle)2 4 H2] &2]7],
wjed AT} 7)1 AE7] o€ A] E(spontaneous awakening trial,
SAT/spontaneous breathing trial, SBT), 2~E &2~ H|9F2] o4},

ARAREAY o 5 oAl 7 IS EF gk

ol FA=F o]% 1127]9] FEAAA 550,800 &
ko] Z1AIgE7] 717t 59k VAPS] hgo] #A35] Zhastqitt
(5.5 cases to 0 cases/1,000 ventilator-days). ©]2]ol|l= & £AY,
T 7S] 218, 4 ] &2]7], chlorhexidine
= o8 AR, 71y FE Az FE2E(> 20 em
H0), ABlHH= A5 o83 43w FE, &9 ¢
WE= 2, EEast 7=5 47 & ol 7H Rl
2 o]Foj HEHAREE VAP HAS &%tk 4t 3
TH23 to 13 VAP episodes/1,000 ventilator days) [30]. ZLejL}
oleiat A mu-go| Aol oAl Ta] bundle A%
A 3o) AnE vl PAATHE BAZE 9] of
ol gt 249 makek Hof ofy &
= AeH26].

T
mr o

<
%
1o
£
ol
lo
do
%
o
rr
o,
4T
=2
H1
=
ne
)
o
>
NS
f
o oin

10
)
£
D)
T
fol
Elo{v fl
e
UL
e
o
>
1
nlii'
il
x
N
X
1-01[
z Do
~N
N

b
B
o
=)
K
e
=)
o
=2
ji2ad
i
filo
N
o
K
i<y
o
ot
o,
o
Y

-%7] 1%k7](heat moisture exchanger)®

#40] 912, Polyurethane AJ22] 7|37} gl F2 AL

o
N
g
3
z
<
2
2.
(¢}
3
=3
=3
=3
2
il
el
H1
:oé
HL
fr
paty
©
)
)
0o ooy ¢
o ot H oo

10
>
o
Dy
i)
o ot

|

o
o
il

9] WAL 27] tracheostomy, T ETXFE 5L FHEX|

T3],

iy
i)
ot
B
N
odt
”
2
Sl
2
Ir
<
=
o
i
bl
<
:
o

o
0%
>
X

(o)
1]
s
)
i)
o
ofr
ol
Mor
=
rr
r]I
=
it
Hr
flo
>
yu|
A=)
i
i)
=)

o
o
32
lo
st

A=

|
N
S
o

2
)
lo
U

|
Il
N
1o
o,
oot
Y

o N
2
ox,

30

rir

ro,

H

}011

N

=2

u)

ol
H
ofl Hn
ko
A=)
2o
©
9 oo
o
=
o &
[
i)
i
2154
Rl
e
il
o o N
i3

fof
el
re
o
J i
it
<
™
ey
o
RS

Y
o

N,
£
et
=2
ot
R N
o
)
=2
oS
o
2
10
jubad
rEI
|o
Hu
il
il
>

o,

@ B
—Im—ioltrl—r
£ -
—{oiroZ:j{N
A
N ne
M
n e
3:12%‘
Nﬂ%g
:E_az
rl%rlru—ﬁ
ri.%;'l(r:%
X E 2
Eijg
5o
OEU%'E’-"
J‘,:‘L“Ll_lzi
oo oot 52 1o

>
il
i)

={
i
ofX
L
ol
o
2
o2
i
2
(e
o,
o
T
o]
av)
ol
filo
fd
an
ol
o

ofof itk
o7 A1d 3 b FH(healthcare-associated pneumonia, HCAP)
olLh HAPS] 9ol A% QArE .2 VAPO] ojalso] 3

- 540 -



A ol ARstgirka A8 GEA e glo] A
ol thet SIBES Hstolok k. Ao o
Yol SRt AR SRAgel RS B & QxR 1)
2 0% o] FHAE Fol W 49, 2) AL 59 o]4)
AT, 3) 7T AGABT 53 G FA WA
MIEZ} B2 59, 4) Aol AshE At B2 el
ARSI G A9 5) HT 902 ool 29 o4 914l
RS e FFo] AL B/ A S84, FHAS
RS A7 R e A9, HE 302 o|vhe] BEAe]
U AR W 9ot 2 ol HAE 7 4
Solck. w3k S50 wHY 714 Aol Gl Bk B9

AW o] Sl s wolrlt12].

al=rofl A Al 247]9] Atofl A HarE Qe gr] A
I Ao 8 Ul #52 = Pseudomonas aeruginosa’} 7}
A WoFo m(24%), 1 F|&2 Staphylococcus aureus?} 20%=

ATH1). L &Jo Enterobacteriaceae 14%, Hemophilus spp.
10%, Strepcoccus spp. 8%, Acinetobacter spp. 8% <=°] At}
e ol REL AFEES] A e YA Hol
w2} tha 2ol S H I t(Table 3). E7F ofAJo} =71 dl
6 2 31 Aol A= Acinetobacter spp.2] R1&E7} o} =9
(16-38%), S. aureus®] 73-%- o H-E me] A UAdwH(methicillin-
resistant S. aureus, MRSA) 2.2 ATLo]| H]3f] YAd++2] vz}
AdHOR =2 Zo0E HuEIL QITH3s5]

S-upake] A=t AL A Al (Korean Nosocomial In-
fection Surveillance System, KONIS) Z}&0]| w2 S. aureus
7} 39%= 7V W=7} =31, A, baumanii 22%, K. pneumoniae
11%, P. aeruginosa 10% F=2 HI1E|T oL} o] HJA] Q1

% | #HF@ o] 7] zo] UPO%PE‘% oot =3t

ShAtAube) ZRA| 3L gl ZH2he] B4 F A A=

Ll ghARe] Zazel 742 A
ol FtAl 2| &ofl YlotA= A

rulm O{N OH

£

Table 3. Classification of ventilator-associated pneumonia

ele Aetste] AHet 27] FtAlE AdEshk= 7o) vie
TEO}EH% tHAIW ] A dol =41 92 f-oll= A1
ALE] 85 HHo A elo] F wigh =8 lsto] o
3t f%};r}xﬂi ceftriaxone = respiratory fluoroquinolones,
Ampicillin/sulbactam ¥= ertapenem¥} -2 3}t A 5 3t 7}
g Aldjslo] GEoR 41 Eojgict. deiut thAl
of §1E Aol Qs Aol Wuel BarEEAlR Atstol
of S o] wok A 9 7h4eA FAL Aol wret oA
Mol FaUrlol gk CAARES P aeruginosa, K
pneumoniae, Acinetobacter spp.©ll TJ3A4]+= antipseudomonal
cephalosporin (cefepime, ceftazidime) T=+= antipseudomonal
carbepenem (imipenem W= meropenem) = B-Lactany/B-lactamase
inhibitor (piperacillin-tazobactam)of] antipseudomonal fluoro-
quinolone (ciprofloxacin =+ levofloxacin) T+ aminoglyco-
side (amikacin, gentamicin = tobramycin)& ¥H3}5}al, Tk
MRSA7} &35 Y7o |eH linezolid ¥+ vancomycin
2 HWtER] F7)sto]oF StcHTable 4).

A AR VI Ao A whgol ujet g
epiT. matrolq AlRE oipe A Rake) ulmA T

o4 AHet 27] APA FAA RS e ATEE]
e HFe] A5 82 WA R} 159 FIIA R 1] A
2, 71487 71 9 R AR 10
[37]. T3k A AF8717Ee] e ol A A el o
A HIE7E B WA BAE izl 3 1S

7]
A AHe| A9 A 14219 F9F AR Aol B
OLH38] Y AL N7 EIE BE AN SOl A

o
7hgm AR WAEY RS deiste] 9r17k 7109

A& FHGH12]. 18y P. aeruginosa, A. baumanii, S.
maltophilia -2 -3-FH] 3} (nonfermenting) 1H-SA12] 7
o R/ A 2R A S A ol
3 Aol wot WyIzke] M=ot Yesk Ao A

Early onset: developed within < 5 days

Late onset: developed within > 5 days

Antibiotic sensitive bacteria
Strepcoccus pneumoniae
Hemophilus influenzie
Staphylococcus aureus

Better prognosis

Multidrug-resistant (MDR) pathogens

Pseudomonas aeruginosa
Acinetobacter spp.

Methicillin-resistant S. aureus

Associated increased mortality and morbidity
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Table 4. Recommendations for initial, broad-spectrum, empiric therapy for MDR pathogens

Potential MDR pathogens
MDR G (-) bacilli

P.aeruginosa

Initial, broad-spectrum, combination antibiotic therapy

Anti-pseudomonal cephalosporin (cefepime, ceftazidime)

K.pneumoniae Or
E.coli Anti-pseudomonal carbapenem (imipenem or meropenem)
Or
Anti-pseudomonal penicillin (piperacillin-tazobactam)
Plus
Anti-pseudomonal fluoroquinolone (ciprofloxacin or levofloxacin)
Or
Aminoglycoside (amikacin, gentamicin, or tobramycin)
ESBL (+) Carbapenem
K.pneumoniae Or
Acinetobacter species Carbapenem + Aminoglycoside
Non-MDR G (-) bacilli Fluoroquinolone (ciprofloxacin or levofloxacin)
L.pneumophilia Or
Macrolide (azithromycin)
MDR G (+) cocci Add linezolid or vancomycin
MRSA (if MRSA is suspected or there is a high incidence locally)

De-escalation and stopping antibiotics

Check cultures and assess clinical responses
(appearance, temperature, WBC count, CXR, SaO,, sputum)

‘ Clinical improvement ‘

YES

|

Culture - or +

Access for CXs, Consider De-escalation, Tx
other pathogens stopping for 7-8 days, and
or other Dx antibiotics reassess

Figure 1. Recommendations for assessing response to initial an-
tibiotic therapy as well as its de-escalation and termination.

s}c}[ss] ok ©
2| 535t AL °ﬂ% Pseudomonas spp.2t MRSAOﬂ gt A
£ St At S FAAR

o= QarHo SHo] glomA el AT A9
o B 7 Aol wet GRAIS WAl o) 9
o T} grgont Zdslol & the ATE GEA, A
o] gHFol A=A ol oE BTt Basie e
59 A F Bk AxAe] e Frtelo] 2 P44
29 WA wefdct

MRSAS] REXH5QHOZE Z3| AMEEE= vancomycin,
linezolid, teicoplanin <= o= A o] X|& ax}of glo] Y53 &
dolrh= AFAT= gl Aot 39-43]. wfiol 2005
ATS/IDSA A2 A4 2011 IDSA R| 2] Aol A MRSA 7+ ol
o3} linezolid -2
comycing ARE-SH= 79 2| A E S5 (trough level)= 14-20
megnLE §ASHES FAska Qom, A7ls ol (renal
insufficiency)”7} -2 & 7|4} vancomycin MIC > 2 meg/mL 2]

Aol = 27|X AR linezolid AR & GHCH12,44]. 2L
UL ATTAIN study [45] 222 Ejs )3 A]Zojok
(Food and Drug Administration, FDA)ol|4] %215 telavancin®]

7d$-ofl= vancomycin®f] H|3}o] A 2ES FOL}, AR5
o] #]5}¥l(Creatinine clearance < 50 mL/min) $2}-2] 7390l =
£3]2 vancomycin A &<of| H|Sto] APEO] =k Wit
o] 7] MRSA 74 A &AE AMEE 4= LAY AR
T Etekal Ayt vjulgl Fe-ofvt ARgsHe s sk

vancomycing % Hsk Qth Van-
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Qlt}. olvFo) = tigecycline, daptomycin, quinupristin-dal-
fopristin, ceftaroline 5 MRSA infectiono] &1}7} Y55 <oF
Aol e 0}1—177]’;(] MRSA&E 1%t HAP (VAP 39|
AmrA e FAEIL QA gbrH46-51].

Extended-spectrum B-lactamase (ESBL) %Al K. pneumoniae®}
Acinetobacter spp.©l] HHal}A= 3A|t] cephalosporin THEARE-
S gl3jjof it} o|H3t 7S carbapenemo] LA 02 7
e, YAl &3] fluoroquinolone®]| L aminoglycoside
WS AMESHATE AR 2= carbapenem TG H o
3l Fojuths A-dih= oFA7A] gl AR oIt 52,53].
U= FDA= VAPS] 2| 29] 3lo] carbapenem -] 31+l dori-
penem®] AM8-Z 74 113t v} Qltt. t}E carbapenem A|E =
of B8l doripenem®] & F=Ewt Adol= EFSkAL
doripenem+-©] imipenem<-of| H|3] 28Y APT-EO] A
E31(23% vs. 17%), YA A= Yol A7t 27| T&7
B o pas] Aransael 712shn iy, ol F 2
Zboll ofA|9] Fof 7|7 5 Wl Zpo]7} Qlar 7)o St
A =2 Aol HolE 7hsd 5
£ A 4= ¢l o, aminoglycoside B3| & 59 7|e} &

9 A~(confounding factor)7} &S v|FHS =% Jth= H
o mey3 Wast oleh YolA ARs F ol9loE

St doripenem F&

+ colistin, tigecycline¥} U5 aminoglycosideo]| Tt 7F<=4] 0]
Q= Ol WA (extensively drug-resistant, XDR) 1324
52 RlErE J S7HEAL qlo] ol&of gk A =et
ool thet W2 Tijo] Had Zlor AlgErh

3 T BERAT FHBEE
T2 $e] Ao 7EA AX el B73ha 7]
(o)

7] AR 2 QI7E 71 A2 |- #H|<&=/H(ventilator-induced lung

\__%
A

injury) Slel 21 %557
SR B AT ET

Ak wgo] FurE 4= k. ol

olgh& o] ke A
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