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Ventilator-Associated Pneumonia

Kyeongman Jeon, M.D,
Division of Pulmonary and Critical Care Medicine, Department of Medicine, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea

Ventilator-associated pneumonia (VAP) is the most frequent nosocomial infection in the intensive care unit (ICU),
with an incidence ranging from 8% to 38%, Patients who acquire VAP have higher mortality rates and longer
ICU and hospital stays, Because there are other potential causes of fever, leukocytosis, and pulmonary infiltrates,
clinical diagnosis of VAP is overly sensitive, The only alternative approach to the clinical diagnosis of VAP is the
Clinical Pulmonary Infection Score (CPIS). Employing quantitative cultures of respiratory secretions in the diagnosis
of VAP leads to less antibiotic use and probably to lower mortality. With respect to microbiologic diagnosis,
however, it is not clear that the use of invasive sampling using bronchoscopy is associated with better outcomes,
Delayed administration of antibiotic therapy is associated with an increased mortality, and inadequate antibiotic
therapy is also associated with higher mortality. Therefore, prompt initiation of adequate antibiotic therapy is a
cornerstone of the treatment of VAP, The initial antibiotic therapy should be based on the most common organisms
in each hospital and the most likely pathogens for that specific patient. When final cultures and susceptibilities
are available, de-escalation to less broad spectrum antibiotics should be done. Since clinical improvement usually
takes 2 to 3 days, clinical responses to the initial empirical therapy should be evaluated by day 3. A short course
of antibiotic therapy appears to be equivalent to a traditional course of more than 14 days, except when treating
non-fermenting gram-negative organisms, If patients receive initially adequate antibiotic therapy, efforts should be
made to shorten the duration of therapy to as short as 7 days, provided that the etiologic pathogen is not a
non-fermenting gram-negative organism.

Key Words: Pneumonia, Ventilator-Associated; Diagnosis; Therapeutics; Review

M =2 AR 5 48AIRE ool AEE FHoR @495}
JNTEEF71IH HHe 2 Ao wg} 27] I3 sF
olF5E7|oF  FHH(ventilator-associated pneumo- 719938 HH(early-onset VAP)I} §7] 21355 7] OﬂJJ- b |

nia, VAP)Z 71A187]5 Al2eE Al ellE #lgle] BAyo] H(late-onset VAP) Q2 A1, o]of| whe} thE o $5
U ZE7o] 9A e EAjeN Zdatd 9 7IAIEE Bt & J|AEY] A4 3 5Y o]dd Wgehs A
- vlwA FstaL, Aol TS Hole w5l o3|
HVE‘S}O% 2 o[ %5 Ko, ole} Wil 2 7AIZ] A&

Address for correspondence: Kyeongman Jeon, M.D, % 59 o]0 vhAsl= Ao 5]”‘§Xﬂ o W& 2= a5

Division of Pulmonary and Critical Care Medicine, Depart-

ment of Medicine, Samsung Medical Center, Sungkyunkwan o 93l FHHow =& APLELS HeltKTable 1),
University School of Medicine, #50, Irwon-dong, Gangnam-

, Seoul 135-710, Korea == -
oh 1. B3 87| Hol Liuls

Phone: 82-2-3410-3429, Fax: 82-2-3410-6956
E-mail: kjeon@skku, edu

Received: Dec, 11, 2010 ol F T 57T HHe FEAAA 71 Ho] H3)
Lisespices 028, ) 200 = HYA Bom A 7Ikte] S| ufe} o)k

191



K Jeon: Ventilator-associated pneumonia

£o] S7IHA Ho}, dAHA] JIesE7|9% HHe ®l
Tof] gk A7Eo] Bol P_—T_’ﬂ Aot A=
X—qﬁ%ﬂ JITEEF7IAH AR Aot th=2a1, A
2 o] SAo] tlErE wNIEE it
E7ﬂ uEa ok, vlsre] 7 A Al (National
Nosocomial Infection Surveillance)dl] w2 AR =5+
A gzke] 27%0A s HAIR S5k WA
pelog musn g, A2 sl W 97 o
|3+ Al (systematic review) A= ZAl= 8%0llA]
Bl 3807H4] Hatsa oot B3], UlgA] 812
= F 17%2] MRS B askal Q. ol& 7)AIg
7] 717kl weh v 1095 6.5%, 2095 19%, 3044
28%2] HHINIEE Hof 71A187] 4871%ko] 1Y 57}
ol whe} 1960] Y9I o] FTIkAl B, SRt A
the] 10719 8ol AFE do = o A AT
Ax= ofeigh W] A s7AR= &75}01‘47} *]
Zrol| Aol whe} vhA] ZRAEte], AREdol wE QlF:
719e Hlge] e 27 5Y E3F 3.3%7H4] —o—ﬂfﬂﬂr
T g, b, 71A187] 91 Fels g s A
& Aol gk #He 27)o FS3hefof it

Table 1, Classification of ventilator-associated pneumonia
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Early onset: developed within <5 days

Late onset: developed after =5 days

Antibiotic sensitive bacteria
- Streptococcus pneumoniae
- Haemophilus influenzae
- Staphylococcus aureus
Better prognosis

Multidrug-resistant (MDR) pathogens
- Pseudomonas aeruginosa
- Acinetobacter species
- MRSA
Associated with increased mortality and morbidity

MRSA: methicilin-resistant S, aureus,

Table 2, Diagnostic utility of BAL in the diagnosis of VAP

Bronchoalveolar lavage Transtracheal aspirates

Study Diagnosis
Sensitivity Specificity Sensitivity Specificity
Torres, 1994 Histology 50 45 NA NA
Marquette, 1995' Histology 47 100 55 85
Papazian, 1995 Histology +Bacteriology 58 95 83 80
Kirtland, 1997" Histology 11 80 NA NA
Fabregas, 1999'® Histology +Bacteriology 77 58 69 92
Torres, 2000 Histology 36 59 31 55

Values are presented as percents, BAL: bronchoalveolar lavage; VAP: ventilator-associated pneumonia,
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Table 3, Diagnostic flow of pneumonia from CDC, 2002
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Radiologic signs

- Consolidation
- Cavitation

Clinical signs At least 1 of the following:
- Fever (>30°0)
+ Leukopenia (<4,000) or leukocytosis (>12,000)
Altered mentality in more than 70 years
Microbiological At least 1 of the following:

criteria (optional)
« Positive growth in culture of pleural fluid

Two or more serial chest radiographs with at least 1 of the following
- New or progressive and persistent infiltrate

Plus at least 2 of the following:

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

+ New-onset or worsening cough, or dyspnea, or tachypnea

- Rales or bronchial breath sounds
+ Worsening gas exchange

- Positive growth in blood culture not related to another source of infection

- Positive quantitative culture from bronchoalveolar lavage (10* CFU/mL) or protected specimen brushing (10°

CFU/mL)

- Five percent or more of cells with intracellular bacteria on direct microscopic examination of Gram-stained

bronchoalveolar lavage fluid
« Histopathological evidence of pneumonia

CDC: Centers for Disease Control and Prevention,

193



K Jeon: Ventilator-associated pneumonia

Table 4, Clinical Pulmonary Infection Score (CPIS)*®

Sign Points

Temperature, °C

36.5~38.4 0

38.5~389 1

<36 or =39 2
Blood leukocytes, cells/ L

4,000~11,000 0

<4,000 or >11,000 1

>500 band forms 2
Oxygenation, PaO,/FiO.,

>240 or ARDS 0

<240 and no evidence of ARDS 2
Pulmonary radiography

No infiltrate 0

Diffuse (or patchy) infiltrates 1

Localized infiltrate 2
Tracheal secretions score (quantifying amount of tracheal secretions)T

<14 0

>14 1

Purulent sputum 2
Culture of tracheal aspirate

Pathogenic bacteria cultured minimal or no growth 0

Pathogenic bacteria cultured moderate or more growth 1

Moderate or greater growth of pathogenic bacteria consistent with that seen on Gram stain 2

*Total score of >6 points suggests ventilator-associated pneumonia, TScore calculated by quantifying amount of tracheal secretions
on a subjective 0~4 scale multiple times per day, then summing all of a patient' score for the day,
ARDS: acute respiratory distress syndrome,
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Table 6, Guidelines for empirical antimicrobial therapy for VAP

Guidelines No risk for MDR pathogen

Risk for MDR pathogen

ATS/IDSA, 2005°  Ceftriaxone, fluoroquinolone, ertapenem,
or ampicillin-sulbactam

BTS, 2008% In early onset VAP with no prior
antibiotics and absence of comorbidities:
amoxicillin-clavulanate, cefuroxime

CCCT Group, 3rd- or 4th- cephalosporin or

2008% piperacilin-tazobactam or fluoroquinolone

Antipseudomonal S lactam plus antispseudomonal fluoroguinolone
or aminoglycoside plus linezolid or vancomycin (if MRSA risk)
In early onset VAP with prior antibiotics or significant comorbidities:
cefotaxime, ceftriaxone, fluoroquinolone, piperacillin-tazobactam

Not severe: 3rd- or 4th- cephalosporin or piperacilin-tazobactam
or fluoroguinolone or carbapenem=vancomycin or linezolid

(if MRSA present or suspected)

Severe: antipseudomonal £ lactam plus aminoglycoside +
vancomycin or linezolid (if MRSA present or suspected)

VAP: ventilator-associated pneumonia; MDR: multi-drug resistant; ATS: American Thoracic Society; IDSA: Infectious Disease Society
of America; MRSA: methicillin-resistant S, aureus; BTS: British Thoracic Society; CCCT Group: Canadian Critical Care Trial Group,
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| Clinical suspicion of VAP: clinical feature or CPIS |

v

| Obtain lower respiratory tract specimen for microscopy and culture |

v

| Risk factors for MDR pathogens: prior hospitalization or antibiotics |

v

No y

v Yes

| Narrowed-spectrum antibiotics |

| Broad-spectrum antibiotics |

v

| Reassessment after 48~72 hr: clinical features or CPIS |

—

No clinical improvement |

Clinical improvement |

» Quantitative culture

v

» Modify antibiotics |
- Other infectious source

Deescalation of antibiotics |

Figure 1, Algorithm of diag-
nosis and treatment of
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