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GUIDELINES FOR THE MANAGEMENT OF ADULTS WITH
HOSPITAL-ACQUIRED, VENTILATOR-ASSOCIATED, AND
HEALTHCARE-ASSOCIATED PNEUMONIA

2005 Am | Respir Crit Care Med;171:388-416
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Hospital Acquired Pneumonia(HAP)-n mrveupovia rou
ouMPaivel 48 WPEC META TNV EI0AYWYI , TTOU OEV EKKOAQTITOTAV

TNV OTIYMN TNG €10AYWYNG

ICU -acquired pneumoniatmveupovia otn ME® e i} Xwpig
UNXaviko agpIouo

Ventilator Associated Pneumonia(VAP) mrveupovia trou
oUMBaivel > 48-72wWpPEC META ATTO EVOOTPAXEIAKN dlaoWANvVwWaOnN

Healthcare-associated pneumoni@CAP)-nvevuovia
GYETILOUEVT UE POPEIC TAPOYNS VYELOG

Am J Respir Crit Care Metl71:388-416




Health Care Associated Pneumonia
HCAP

Pneumonia occurring<48h of hospital admission in patient with>1

of the following risk factors for MDR bacteria.

TABLE 2. RISK FACTORS FOR MULTIDRUG-RESISTANT
PATHOGENS CAUSING HOSPITAL-ACQUIRED PNEUMONIA,
HEALTHCARE-ASSOCIATED PNEUMONIA, AND
VENTILATOR-ASSOCIATED PNEUMONIA

» Antimicrobial therapy in preceding 90 d

+ Current hospitalization of 5 d or more

* High frequency of antibiotic resistance in the community or
in the specific hospital unit

o [Fresence of risk factors for HCAP:

Hospitalization for 2 d or more in the preceding 90 d

Residence in a nursing home or extended care facility

Home infusion therapy (including antibiotics)

Chronic dialysis within 30 d

Home wound care

Family member with multidrug-resistant pathogen

OO PP eSS Ve UISEase army or tTerapy

ATS/IDSA Guidelines. Am J Resp Crit Care Med 200@%;388-41
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Ficure 1. Mean mortality rates in patients with CAP, HCAP,
HAFP, and VAP.

Marin H. Kollef et al. Chest 2005: 128:3854—-3862




Morbidity,
Mortality

MDR
Pathogens

M. H. Kollef. Clin.Infect.Dis. 46 Suppl 4:5296-S334, 2008.
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ORIGINAL ARTICLE

Nursing-home-acquired pneumonia in Germany: an
8-year prospective multicentre study

Santiago Ewig,' Benjamin Klapdor,! Mathias W Pletz,” Gernot Rohde,

Hartwig Schiitte,” Tom Schaberg,” Torsten T Bauer,® Tobias Welte,” for the CAPNETZ
study group

Table 4 Aetiology of pnecmonia
Total popolaton

Caszes with microbi@l =ampling

S!mﬂacﬂ-ccus
poewTonsas, n %)
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spp., n (%)
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Patients with

1022243 (4.5
302350 [1.3)
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Z3/Z350 (1.0)

Patients with
NMHAP=65 years
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13357 [3.6)
1/382 (D.3)
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Fwig S, Kispdor B, etz MW, et &/, Thorax (2011, doi:10.11 36 Aboraxnl- 2011200630




HCAP: what you get is what you put In

Previous hospitalizatio

Infusions

| mmunosuppression

Dialysis




O¢pancio Tng HCAP

TAEBLE 4. INITIAL EMPIRIC THERAPY FOR HOSPITAL-
ACOUIRED PMEUMONILA, VENTILATOR-ASSOCIATED
PNEUMOMNIA, AND HEALTHCARE-ASSOCIATED PNEUMOMNIA
IN PATIENTS WITH LATE-ONSET DISEASE OR RISK
FACTORS FOR MULTIDRUG-RESISTANT PATHOGEMNS

AMD ALL DISEASE SEVERITY

Potential Pathogens Combination Antibiotic Therapy™*

Pathogens listed in Table 3 and Antipseudomonal cephalosporinm
MDR pathogens (cefepime, ceftazidime)
Pseudormornas aeruginasa or
Klebsiella pnewmoniae (ESBL*)T Antipseudomonal carbepenem
Acinetobacter species™ (imipenem or meropenem)
or
B-Lactam/B-lactamase inhibitor
(piperacillin—tazobactam)

s

Antipseudomonal fluoroguinoloneat
(ciprofloxacin or levofloxacin)
or
Aminoglycoside
(famikacin, gentamicin, or tobramycin

s

Methicillim-resistant Staphylococcus Linezolid or vancomycin®
aureus (MRESA)
Legionella pneumopbila™

* See Table 5 for adequate initial dosing of antibiotics. Initial antibiotic therap
should be adjusted or streamlined on the basis of microbioclogic data and clinica
response to therapy.

T If an ESBL* strain, such as K. preuwmoniae, or an Acinetobacter species is su
pected, a carbepenem is a reliable choice. If L. pnewmophila is suspected, thg
combination antibiotic regimen should include a macolide {(e.g., azithronmycin
or a flucoroquinoclone (e.g., ciprofloxacin or levofloxacing should be wused rathe
than an aminoglycoside.

*If MRSA risk factors are present or there is a high incidence locally.




762 NIEDERMAN & BRITO

Proposed Algorithm For HCAP Therapy

HCAP Is Present: From a nursing home, Home infusion Therapy.
Home wound care, Dialysis center, Hospitalized in past 90 days

:

Assess Severity of lliness (ICU or Mechanical Ventilation)
and MDR risks
(Recent Antibiotic Therapy , Presence of Poor Functional Status)

v

Severe lllness?

NO YES
R e 2 Risks: 01 Risk: 2 Risks:
thre ensr[::r:r:ril:enr oval i) Consider Hospital. Consider hospital, IV therapy Treat for MDR pathogens
Quti)r?nlnne Balakacianat Treat for MDR pathogens Beta-lactam with Macrolide With HAP recommendations
Mar.:rnlil:ie With HAP recommendations Or Quinolone Need 3 drugs

Fig. 1. All patients with HCAP should be identified and then divided on the basis of severity of illness to guide initial
therapy. Patients in each group are [urther divided based on whether they have risk factors for drug-resistant pathogens
(MDR pathogens), which include recent antibiotic therapy in the past 3 to 6 months, and poor functional status, as
defined by activities of daily living.

Clin Chest Med 28 (2007) 751-771




Rethinking the concepts of community-acquired and
health-care-associated pneumonia

Santiago Ewig, Tobias Welte, Jean Chastre and Aifimmes

The Lancet Infectious Diseases
Volume 10, Issue 4, Pages 279-Z8pril 2010)
DOI: 10.1016/S1473-3099(10)70032-3
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Rearrangement of criteria used to define
HCAP

Home
. . care(wouds,i.v.infusions) .
Residencein Previous

nursing homes [ through a health care admisssion to
agency hospital

t-lﬁii-ir‘.lli-ti ) Source: The Lancet Infectious Diseases 2010; 10:279-287 (DOI:10.1016/51473-3099(10)70032-3,)
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Histology of Nosocomial Pneumonia "”

Nosocomial Pneumonia is a multi-
focal process involving both lungs.
All stages of inflammation can be
found throughout the lung and
even in segments close to each
other.

The bacterial burden can vary
substantially from segment to
segment aven with the same lobe.

Fabregas N et al. Anesthesiology 1996; 84:760-771.




HISTOLOGIA DE NEUMONIA NOSOCOMIAL

Nosocomial Pneumonia is a multi-
focal process involving both lungs.
All stages of inflammation can be
found throughout the lung and
even in segments close to each
other.

The bacterial burden can vary
substantially from segment to
segment even with the same lobe.




Hospital Location & Relative Frequency of
HAP & VAP

HAP ICU

Non-ICU
HAP
62.5%

Non-ICU HAP

B ICU HAP

Kumpf G et al. J Clin Epidemiol 1998;54:495502 Il VAP
Lizioli A et al. J Hosp Infect 2003;54:141148
Richards MJ et al. Crit Care Med 1999;27:887892 ICU HAP




MH-AIAXQAHNOQMENOI ME HAP

1. Atyec peréteg yio tnv HAP extoc MEO:

Y ynAr cuyvotnto LKPOOPYUVIGUMOV TN KOWVOTNTC KOl TOV
TePPAALOVTOC

XounAo 1o6ootd mtolvaviektikdv uikpofiov ( MDR)

Kaldtepn mopeia and VAP

2. ITAnpogopieg yio un-o1oc@ANVOUEVOLS acOevel ue
HAP ot ME® egivar eldryiotec

Sopena NChest2005; 127: 213
Dorca JAm J Respir Crit Care Metl995; 151: 1491
Weber DJInfect Control Hosp Epidemi@007;28:83




Eninttoon kor Ovnrommta e HAP
(12 [Tovemotnuokd Ionovikd Nocokoueio)

Enintomon
1.3 - 5.9nepntdoeic/1000sicaymyéc
Méon enintowon: 3.1+1.4/1000

Ovnrotta
- Crude: 7.1 to 50%3é0n:26%
- Attributable: 0 to 38.5%1¢01:13.9%

Sopena N, Neunos 2000 study group Chest 2005; 123219




IINEYMONIA XTH MEO

= AocOeveic pe VAP avauévetal va €xouv onuovTikn
voonpotnta Kol Bvnrotn o
= Tlapdyovteg Ktvovvov yia, €101kd Toboydva,
=  Baputnrta vocov

= ['pyopn Ko KATAAANAN oy@yn

= [IAnpogopieg yio tnv HAP xvping and VAP

Sopena NChest2005; 127: 213
Dorca JAm J Respir Crit Care Metl995; 151: 1491
Weber DJInfect Control Hosp Epidemi@007;28:825




Factors contributing to colonization and infectionof
the lower respiratory tract
| Respiratory

Host | surgery | | Medications]| 7S therapy

devices .
fadtors l | equipment

+ ¥
OROPHARYNGEAL GASTRIC

COLONIZATION COLONIZATION

/ ASPIRATION
Numlbers of bacteria

Previous
antibiotics

Virulence

LUNG DEFENSES

Mechanical Translocation

Bacteremiq j—— —
l Cellular/humoral ?

PNEUMONIA




KATATA=H THX HAP

Xpovog voonAeiag ( NUEPES )
0 1 2 3 4 5 6 7

[ I [ [ E— E— E— E—

Ogeiog evapcne HAP Ouyipyn HAP

Xpovog diacwAnvwong ( NUEPES )
0 1 2 3 4 5 6 7

e e e )

Ogeiag evapsne VAP Oyipn VAP

(American Thoracic Society. Am J Respir Crit Cared\26©05;171:388-416
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Mpwiun HAP/VAP Oyiun HAP/VAP

Xpovog <5 uépeg armrd eiIcaywyn i >5 yépeg atrd elcaywyn i
SlaocwARvwon SlaocwARvwon

MikpofioAoyia S. pneumoniae P. aeruginosa

H. influenzae Acinetobacter
Methicillin-sensitive S. aureus Methicillin-resistant S. aureus
EvaioOnra gram-negative AAAo1 multi-resistant apyaviopoi
BakTRpia

Mpoyvwon OvnToTNTA HIKPR MeyaAUTepn BvnroTnTa

25
ATS /IDSA. Am J Respir Crit Care Med 2005;171:388-4




Am J Respir Crit

Care Med171: HAP, VAP 1 HCAP

388-416
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Ouwyipng évapéng (>5pEPES) R TTAPAYOVTES KIVOUVOU YIo

MDR

Meplopiouévo Ao

Ceftriaxone
N
Fluoroquinolone

N
Ampicillin / sulbactam

N
Ertapenem

. |

Antipseudomonal cephalosporin

n

Antipseudomonal carbapenem
N
B-lactamp-lactamase inhibitor
Kal
Antipseud fluoroquinolong aminoglyc
(MRSA - linezolidri vancomycin)
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Domberet and C. Gibert
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Microbiology of ventilator-associated pneumonia cormpared with that
of hospital-acquired pneumonia.
Weber DJRutala WA Sickbert-Bennett EESamsa GPBrown V,

NiedermanVIS.

Relative Frequency of Isolation of Se Pathogens ftrom|
Patients With Ventilator-Associated Pneumonia (VAP) and Nonventilated
Patients With Hospital-Acquired Pneumonia (HAP)

" No. (9 of isolates 2000-2003: 55@.69¢eveic

Patients Patients
- - A Tab

327 VAP cases - 261 HAP cases

Oxacillin-susceptible % - 5 (13 .33i)

Oxacillin-resistant (17.75 S5 (20.37) : Conclusion Correct the prediction of
Streptococcus preurioniae o 8 (2. ; :.’:_‘i)fl:; gu|de|0|nes
(1.48)
0.50) o7

TS T >26% of cases of earlyonset VAP and
' >) >19% of early- onset cases of HAP were due

Klebsiella species
Enterobacter species
Citrobacter

Serratia rric

Proteirs species
Other

to pathogens requiring treatment with
broad- spectrum agents (i€, aeruginosa, S.
maltophilia,or Acinetobactespecies) or
therapy active agains{RSA

Non-Enterobacteriaceae bacilli
Pseudormornas aeruginosa
ACTAHETODHC TSP SPFecies
Stenotrophomonas maltophilia
Hermophilus infl
Hemophilus specie
Moraxella catarrhalis
Other

Other gram-negative bacilli

Miscellaneous bacteria

WO RNNGOWYL

= ; ' Infect Control Hosp EpidemioR007 Jul;28(7):825-31.
(4.00) €2 565 Epub 2007 May 17.

Total, all pathogens 400 (ElOOi)

" Excludes patients for whom sputum culture was not performed (N 15) or whose|

sputum sample did not yield a pathogen on culture (N = 10).

" Excludes patients for whom sputum culture was not performed (N = 35) or whose
>utum sample did not yield a pathogen on culture (N = 26).
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Both early-onset and late-onset
ventilator-associated pneumonia are caused
mainly by potentially multiresistant bacteria
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Early- and Late-Onset Pneumonia: [s This Still a Useful Classification?”

Petra Gastmeier,'* Dorit Sohr.® Christine Gefers,? Henning Riiden,”
Ralf-Peter Vanherg,” and Tobias Welte®
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IMMPOTEINOYN EYPEQY ®AXMATOX ANTIBIOTIKA XE
YVYHAEX AOXEIX KAI META AITIOKAIMAKQXH
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Clinical Infectious Diseases 2010;50:945-952 _MAJOR ARTICLE

Validation of the American Thoracic Society—
Infectious Diseases Society of America
Guidelines for Hospital-Acquired Pneumonia

Aiguel Ferree'" Adamentia Liepikow' Mewricio Yalerncia,' Marnano Esperatti,’* Anna Theessen,'
Joze Anmtondio Martnez,” Joss Memneas,” aned Anconi Torres™™
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- Hospital Clinic y Facultat de

Medicina,Universitat de Barcelona,
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Microbial prediction

Microbial prediction
(1996 guidelines)
NS

Reclassifying according to 1996

guidelines:

- 33/38 patients from Group 1 had
risk factors for PRM
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Rl Feha. . and noninvasive ventilation: an analysis
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German Nosocomial Surveillance System
KISS
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Nosocomial Pneumonia in the Intensive Care Unit
Acquired by Mechanically Ventilated versus
Nonventilated Patients

Mariano Esperatti’?®, Miquel Ferrer'?, Anna Theessen?!, Adamantia Liapikou?, Mauricio Valenda?,
Lina Maria Saucedo?, Elisabeth Zavala®, Tobias Welte?, and Antoni Torres?-?

'Servei de Pneumologia, Institut Clinic del Torax, and 2ucl Quirurgica, Hospital Clinic, IDIBAPS, Universitat de Barcelona, Barcelona, Spain;
*Centro de Investigacion Biomedica En Red- Enfermedades Respiratorias-Instituto de Salud Carlos |ll-Ministerio de Ciencia e Innovacidn, Spain;
and *Department of Respiratory Medicine, Medizinische Hochschule, Hannover, Germany
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We investigate to improve clinical




Microbiologic findings

Non-fermenting GNB Pseudomonas
40 p=NS aeruginosa
p=NS

Etiologic diagnosis

=117 v<0.001

0 - 0 _ . .
All patients Patients with All patients Patients with
etiology etiology

Enteric GNB MS S. aureus
e 25

p=NS
20

15 1

VAP NV-ICUAP

0 - 0 - > . .
All patients Patients with All patients Patients with
etiology etiology
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H HCAP givou pio mvevpovia mov TpEmel vo EmavVOmpOGolopIoTEL M
OVTIUETAOTION TNG

H xatnyoplomoinomn g HAP &xel 616y0 katdAAnAn Oepaneio LEG® cMOTNC
LUKPOPLoxmg TpoOyvmong

XNUOVTIKT 1 ETA0YN TOV KATAAANAOL avTiPloTikod AauBdvoviog vmoyiy
tKpofroAoyio TG Lovadag 1| TOL VOGOKOUEIOV

Eraveéétaon tov odnyiov e HAP/NVAP yia pikpoBiokn mpdyvoon




Determinants of prescription and choice of

empirical therapy for hospital-acquired and
entilator-associated pneumonia
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-J. De Waele, C. Putensen, M. Guven, M. Deja, E. Diaz and the EU-VAP/CAP
Study Group
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FIGURE 1. Most comnmon aetiological pathogens found in hospital-acquired
pneumonia (HAP) and wventilator-associated pneumonia (WAP) episodes.

Enterobacteriaceae; W: Pseudomonas aeruginosa; B: Acinetobacter baurmann'
- methicillin-resistant Staphylococcus aureus; Z: methicillin-sensitive 5. aurew:

[ other Eur Respir J 2011; 37: 13321339
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Patients’ characteristics at admission

VAP NV-ICUAP
n=164 n=151

Age 62+16 6512
Male/female 122/42 104/47 -
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Tracheostomy at admission 18 (11%) 7 (5%) 0.059
LOS before ICU admission 4+11 11+16 <0.001
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e Hypercapnic RF 14 (9%) 20 (13%) ---
e Septic shock 14 (9%) 16 (11%) .




Patients’ characteristics at onset of
pneumonia

VAP NV-ICUAP
n=164 h=151

Previous hospital stay 12+14 1517

Bilateral chest X-ray 36 (22%) 34 (23%)
Pleural effusion 32 (20%) 34 (23%)

Leukocytes 14.5+7.5 15.2+7.0
C-reactive protein 15+9 17+11 0.060

* Sepsis-related Organ Failure Assessment




The individual risk factors for nosocomial pneun@imclude old age, the presence of
underlying diseases such as neoplasm and chrosiugbve pulmonary disease
(COPD), the severity of the underlying disease nomaition and depression .The serum
albumin level is often used as a marker of nutndicstatus and was an independent
predictor of nosocomial pneumonia in patients sitloke .

Risk factors related to therapeutic man oeuvreshem@cic or upper abdominal surgery,

the use of nasogastric tubes, immunosuppressiagmesnt previous antibiotic
treatment and the length of hospitalization

Most of the data available comes from overall gadhat indistinctly include

critically and non critically ill patients (incidee ratio per 100 patients of 0.5-2%)
or have been obtained from studies undertakentiarga at greater risk, such as
those who have undergone thoracic or abdominaksyigcidence ratio per 100
patients of 3.8-17.5%), immunosuppressed patiemtgl@nce ratio per 100
patients of 19.5-20%) or the elderly (incidenceoragr 100 patients of 0.7—1.7%).
The few studies performed in patients from conweral hospitalization wards rates
of incidence from 1.6 to 18 per 1,000 hospital ahmoins.




HAPRP im monmnventilated
patients

M. Sabrrica™>" arnd IN. Soperta™™

Chapter 13 24  EUROPEAN
“RESPIRATORY tnonograph

GLIMICAL MAHDGEFD

MNosocomial and
Ventilator-Associated
Pneumonia

Edjted by & Torres,
5, Ewaig




HAP in nonventilated
patients
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Table 1. Categories of hospital-acquired pneumonia (HAP) in nonventilated
patients

Severity Risk factors Chronology Category

Severe > Severe HAP

Non-severe ‘Yes > HAP with risk factors
—> Early- Dnset#,» Early-onset HAP
ﬁ\_‘_‘"’ | ate-onset ————s Late-onset HAP

Nosocomlal Pneumonla and Ventilator- Assomated mmn




O¢pancia tng HAP

Severe HAP

Early-onset HAP
<5 days

Late-onset HAP
= 5 days

Severity criteria

Without risk factors
and non-severe

Without risk factors
and non-severe

Cefepime 2 g every 8 h + aminoglycoside
(gentamicin 7 mg-kg™"day™) or quinolone
(ciprofloxacin 400 mg every 8 h) /.v.

j-lactam/[3-lactamase inhibitor; amoxicillin/
clavulanate 1-2 g every 8 h /v
Third generation non-pseudomonal cephalosporin:
ceftriaxone 2 g-day! /iv./im. or cefotaxime 2 g
every 6-8 h /v
Fluoroquinolones: levofloxacin 500 mg every
12-24 h v, or 750% mg-day™? /v,

Antipseudomonal cephalosporin (including
pneumococcus). cefepime 2 g every 8 h /W
Fluoroquinolones: levofloxacin 500 mg every

12-24 h fv. or 750° mg-day ™' iv.




Gram-negative
bacilli

P. aeruginosa
and multi-
resistant Gram-
negative bacilli

Legior‘nella*“E

Anaerobes

MRSA

Aspergiius

Chronic underlying disease

Wide-spectrum antibiotics, severe
underlying disease, |ICU stay

Hospital potable water
colonisation and/or previous
nosocomial Legionellosis

Gingivitis or periodontal disease,
depressed consciousness,
swallowing disorders and orotracheal
manipulation

Risk factors for MRSA or high
prevalence of MBSA

Corticotherapy, neutropenia or
transplantation

Antipseudomonal 3-lactam + aminoglycoside or
quinolone (ciprofloxacin)

Cefepime 1-2 g every 812 h /v
Carbapenems : imipenem 500 mg every 6 h or
1gevery 8 h iv.; or meropenem 1 g every 8 h

i.v.; or ertapenem® 1 g-day ' /v

Antipseudomonal B-lactam + aminoglycoside or
quinolone (ciprofloxacin)

Cefepime 1-2 g every 8-12 h /v
B-lactamic/p-lactamase inhibitor: piperacillin-
tazobactam 4.5 g every 6 h /.v.
Carbapenems : imipenem 500 mg every 6 h or
1 g every 8 h /v,; or meropenem
1gevery8 h iv

Levofloxacin 500 mg every 12-24 h /v
or 750° mg every 24 h /i v. or azitromycin
500 mg*day'1 LV

Carbapenems: imipenem 500 mg every 6 h or
1 gevery 8 h /.v.; or meropenem 1 g every
8 h /v; or ertapenem™* 1 g-day ' /v
B-lactam/B-lactamase inhibitor amoxicillin/
clavulanate 2 g every 8 h /.v."; piperacillin-

tazobactam 4.5 g every 6 h /..
18Z0DECTAIM 4.0 g every o n Lv.

Vancomycin 15 mg-kg ™' every 12 h i
Linezolid 600 mg every 12 h /v

Amphotericyn B desoxicolate
1 mg-kg '-day ' Lv. or amphotericyn liposomal
3-5 mg-kg '-day ' iv. Voriconazol 6 mg-kg™!
every 12 h iv (day 1) and 4 mg-kg™' every 12 h
L. (following days)




