EVANGELISCHES

KLlNlKUMBe’[he\ Infektionsmanagement in
KLINISCHE INFEKTIOLOGIE der Intensivmedizin
8."3“ Nlrnberg, 22.01.19

F. Bach
Friedhelm.Bach@evkb.de

> /ZNS-Infektionen



mailto:Friedhelm.Bach@evkb.de

Gustav Mahler
1911 auf der
Riickreise aus
den USA, bereits
schwer gezeichnet
von seiner Erkran-
kung

Unten: die erste
Seite des Befunds
von Mahlers Blut-
kultur durch Baehr
und Libman, Mount
Sinai Hospital, New
York. Original in der
National Libary of
Medicine, Bethesda,
USA

(& ;&mb

19, 2011

G. Mahler 1860-1911



Pneumokokken — Mortalitat

Singer M et al.: Clin Infect Dis 2008, 47: S216-24; Austrian R et al.: Ann Intern Med 1964: 60: 759-776
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f EINFUHRUNG DES WIRKSTOFFS
I VOLLSTANDIGE WIRKSAMKELT DES WIRKSTOFFS
BESCHREIBUNG RESISTENTER BAKTERIEN
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‘ | Infektionskrankheiten zu schliessen,
| den Krieg gegen Seuchen fiir gewonnen
| zu erklaren und nationale Resourcen
| chronischen Problemen wie Herzer-
‘ krankungen zu widmen.”

William H. Stewart, Surgeon General of the United

‘ ' ! ! ! States, 1967
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Bakterielle Meningitis — Mortalitat

Swartz et al.: NEJM 2004, 351: 1826-1828; Brouwer et al.: Clin Microbiol Rev 2010, 23: 467-492
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Geographic area (yr of
comparison)

United States (1987 vs
1995)

Canada (1985 vs
1994)

Brazil (1988-1996 vs
1997)

Chile (1995 vs 1998)

Uruguay (1992-1993
vs 1995)

Scandinavia (1970s vs
1995)

Austria (1991 vs 1993-
1996)

Netherlands (1970s vs
1993-1994)

Spain (1993-1995 vs
1997)

Switzerland (1976-
1990 vs 1991-1993)

United Kingdom (1991-
1992 vs 1993-1994)

Israel (1989-1992 vs
1995)

Australia (1991-1992
vs 1993-1994)

The Gambia (1990-
1993 vs 2002)

Kenya (2000-2001 vs
2004-2005)

Malawi (1997-2002 vs
2005)

Uganda (2001 vs

No. of cases/100,000 population
Prevaccination Postvaccination

54 <1
~44 <1
22 10
40 <2
17-22 1
31 <1
11 <1
22-40 0.3
14 ~0
25 8
15 0.6
18 <1
21 6
60 0
66 7.6
20-40 0
42 <3




Epidemiologie der bakt. Meningitis

Thigpen et al.: NEJM 2011, 364: 2016-2025

The NEW ENGLAND JOURNAL of MEDICINE

| ORIGINAL ARTICLE |

Bacterial Meningitis in the United States,
1998—2007

Michael C. Thigpen, M.D., Cynthia G. Whitney, M.D., M.P.H_,

Nancy E. Messonnier, M.D., Elizabeth R. Zell, M.Stat., Ruth Lynfield, M.D.,
James L. Hadler, M.D., M.P.H., Lee H. Harrison, M.D., Monica M. Farley, M.D.,
Arthur Reingold, M.D., Nancy M. Bennett, M.D_, Allen S. Craig, M.D,_,
Wailliam Schaffner, M.D., Ann Thomas, M.D., Melissa M. Lewis, M.P.H._,
Elaine Scallan, Ph.D., and Anne Schuchat, M.D._,
for the Emerging Infections Programs Network

v Zeitraum von 1998 — 2007

v Suveillance Daten (17,4 Mill Pat.-Daten)
v 3188 Pat. mit bakt. Meningitis

v  Abnehmende Inzidenz (-31%)

v 14,8% Mortalitat



Epidemiologie der bakt. Meningitis

Thigpen et al.: NEJM 2011, 364: 2016-2025; van Ettekoven et al.: CMI 2017, 23: 601-606
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Epidemiologie der bakt. Meningitis @
. eCOc

e_dc Surveillance Atlas of Infectious Diseases
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Epidemiologie der bakt. Meningitis

McGill et al.: Lancet 2016, 388: 3036-3047

Inzidenz bakt. Meningitis:

West-Europa: 1-2/100.000
Zentralafrika: 1000/100.000
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Immunschwéche Kontakt mit Reisen in Kolonisation/
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Klinische Diagnostik

Klein M et al.: Nervenarzt 2010, 81: 150-161; van den Beek D et al.: NEJM 2004, 351: 1849-1859

Kopfschmerz Nackensteife
(87 %)

Vigilanz-
Storung

Fieber
(44 %)




Weitergehende Diagnostik - Algorithmus

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016
Van de Beek D et al.: NEJM 2010, 362: 146-154

Vorgehen bei Verdacht auf bakterielle Meningitis
(klinische Untersuchung, Blutkultur)

Bewusstseinsstorung und/oder fokal-neurologisches Defizit

ENnlekleMalfeil | Blutkulturen! Dexamethason 10 mq i. v. plus

A empirische Antibiotikatherapie

I
L - =

Dexamethason 10 mg i. v. plus
empirische Antibiotikatherapie g Schadel-CT

1(-3) Stunden




Diagnostik — Bakterielle Meningitis

Van Ettekoven CN et al.: Clin Microbiol Infect 2017, 23: 6t01-606

Sensitivitat (%)

Pathogen
BK CSF-Gram- | CSF-Kultur CSF-LA- CSF-PCR
Farb. Test
Haemoph. 50-90 50 96 78-100 67-100
influenz
Strept. 75 90 87 59-100 79-100
pneum.
N. mening. 40-60 70-90 82 22-93 91-100
List. 10-5 25-35 NA NA NA
monocyt.




Invasive Diagnostik - Liguordiagnostik

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016

Typische Parameter im Liquor bei Verdacht auf Meningitis.

Parameter im Liquor | Bakteriell

Tuberkulos

Zellzahl/pl >1000
Zytologie Granulozytar

Liquor-Serum-Glucose-  Erniedrigt
Index

Laktat (mmol/l) >3,5

Gesamteiweil (mg/dI) >100
Blut-Liquor-Schranke Schwer gestort

Intrathekale Ig-Synthese  Im Verlauf IgA, IgG

<1000
Lymphozytar

Normal

<35

<100
Normal bis leicht gestort

Im Verlauf gG

<1000
Gemischtzellig

Erniedrigt

>3,5

>100
Schwer gestort

Im Verlauf IgA



Invasive Diagnostik - Liguordiagnostik

Tan YC et al.: Expert Opin Pharmacother 2015, 16: 187-203

Biomarker Sensitivitat (%) Spezifitat (%)
IL-6 80-96 51-98
PCT 88-100 84-96
Laktat 88-96 98-100
Heparin-binding 100 99

Protein







Antibiotikatherapie

Herd-
sanierung

Supportive
Therapie

Adjunktive Therapie



AB-Therapie bel schwerer Sepsis

Kumar A et al.:

Crit Care Med 2006, 34: 1589-1596

Anteil der Patienten
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Microbial Load

Kumar A: Virulence 2014, 5: 80-97

Antimicrobial
therapy

Cellulandysfunctionitissue Injury

Shock
Threshold

¥ Toxic burden

Microbial load

TIME

more potent
antimicrobial
therapy

Cellular dysfunction/tissue injury

......... PP ShOCk
Threshold
response
TIME
earlier
antimicrobial
therapy
| Shock
) Threshold
Cellular dysfunction/tissue Injury

matory response

TIME




Letalitat bei Pneumokokken-Meningitis

Auburtin A et al.: Crit Care Med 2006, 34: 2758-2765

Observationsstudie, 156 Patienten

Table 2, Multivariate analysis of baseline factors at intensive care unit admission associated with
3-month mortality

Odds 95% Confidence

Variable Ratio Interval p Value
SAPS [} 1.12 1.072-1.153 002
icillin-nonsusceptibl ' -20.8 <10~
Interval >3 hrs between hospital admission and 14.12 3.93-50.9 <10
antibiotic treatment
CSF leukocyte count >10%/uL 0.30 0.10-0.944 04

Verzogerte Antibiotikatherapie ist der starkste
Pradiktor fur Mortalitat (OR: 14.12)




CCT und Lumbalpunktion

Klinische Angaben:
Pat. mit V.a Meningitis
Temp. 40° C, Kopfschmerzen, Meningismus,

Der Klassiker

Hirndruckzeichen, Tonsilentiefstand

CCT nativ vom 03.01.2018

Befund:

Vor-CT vom 29.01.2013. AuRere und innere Liguorraume normweit.
Stammganglien und

Thalami beidseits regelrecht abgrenzbar. Computertomographisch keine akuten
Pathologien infratentoriell. Schleimhautschwellung der Ethmoidalzellen und des
Sinus sphenoidalis. Mastoidzellen frel.

Beurteilung:

Keine Hirndruckzeichen oder akute Liquorzirkulationsstorung. Soweit abgebildet
kein signifikanter Tiefstand der Kleinhirntonsillen.

Kein akuter Infarkt, keine intrakranielle Blutung.



CCT und Lumbalpunktion

Salazar L et al.: Clin Infect Dis 2017, 64: 1657-1662

Retrospektive Analyse | 693 Assessed for Eligibility

79 Excluded

25 Ventriculoperitoneal shunt
19 Postcraniotomy

35 Incomplete records

[ 614 patients with |

§ meningitis i
. 207 Head CT Indicated | 407 Head CT not Indicated |
| (33.7%) (66.3%) |
| 193cTdone | |14 cCT notdone 356 CT done || |51 cT notdone |
; (93%) (796) | (87%) (13%) '

Bei 89 % der Patienten wurde ein CCT vor einer LP durchgefthrt (Indikation bei 33,7%)
Bei 64 % der durchgefiihrten CCT s lag keine Indikation fiir ein CCT vor

Keine Leitlinienadhérenz bei 60% der Patienten

Intracranielle Pathologien gab es nur bei 2,7% der Pat. (alle mit Indikation far CCT)

Zeitverzogerung durch CCT bis Therapiebeginn: 2,75 Stunden
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CCT und Lumbalpunktion

Glimaker M et al.:

P=0.011 P=0.15 P=0.80

ESCM!D gundelunes IDSA guldehnes

Swed-sh gundellnes

ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America
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P=0.003 P=0.56 P=0.002
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IDSA guidelines

ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America
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m Adherence
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Outcome

u Adherence
= Not adheren

Clin Infect Dis 2018, 66: 321-328

P=0.12

P=0.013
P=0.20
= LP without prior CT
W LP after CT
n= 136 117 139 171 35 74
RLS 1 RLS 2-3 RLS 4-8
P=0.003
P=0.036 P<0.001
m LP without prior CT
H LP after CT
n= 120 97 1 27 86
RLS 1 RLS 2-3 RLS 4-8



Meningitis - AB-Therapie - Faktor Zeit

Glimaker et al.: CID 2015, 60: 1162-1169

0.301

Jede Stunde Therapieverzogerung: %
Erh6hung des Mortalitatsrisikos um 8,8% ’

o o

N N

o on
1 1

Probability of death
o
o

Time to treatment (hours)



Meningitis - AB-Therapie - Faktor Zeit

Kelne Hirndruck-Zeichen:
LP/BK > AB > CCT

Hirndruck-Zeichen:
BK>AB >CCT >LP?




Meningitis — Therapie

Kalkulierte

AB-Therapie

Lokale) Gewebekonz.
Pathogen (Lol |
(Penetration)




Blut-Hirn-Schranke

Strazielle et al.: Mol Pharmaceutics 2013; Saunders RN et al.: Front Neurosci 2014; Lu C et al: Int J
Nanomed 2014
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Blut-

lirn-Schranke und Antibiotika

Nau et al.: Clin Micribiol Rev 2010, 23: 858-883; Lu C et al: Int J Nanomed 2014

AB-Penetrationscharakteristika:

* Molektlgroiie

s Hydrophilie/Lipophilie
¢ lonisierungsgrad

s Plasma-Protein-Bindung

s GrolRe des Diffusionsgefalles

I ssAktiver Transport

Amphiphilic,
lipid soluble

Ea

Non-polar solutes, |
-

Abluminal
membrane

Polar solutes lipid soluble

Glucose, amino acids
nucleotides

Brain

Albumin, and other
plasma protein

Insulin, leptin,
cytokines and viruses
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Luminal membrane Active efflux transport

Receptor-mediated
transcytosis

Adsorptive-mediated
transcytosis

Blood



Blut-

lirn-Schranke und Antibiotika

Nau et al.: Clin Micribiol Rev 2010, 23: 858-883
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Piperacillin [pg/ml]
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Blut-

A. CSF concentration

100~
—— 20mg/kg (meningitis)
- —— 40mg/kg (meningitis)
104 = 2 — —-=—.20 mg/kg (uninfected)
— —=—40 mgfkg (uninfected)
= 1- '/.—-x———l—-—'——l-\l\i
= o
--------- : I A —— ‘—‘----‘---‘----‘-'—-- H
o] FEEEESRTTIUIESL ST MIC for 5. pneumoniae
0.01 T T ¥ Y ¥ ¥
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B. Serum concentration
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E

0.01
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C. CSF and blood concentrations during
treatment of S. pneumoniae meningitis
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lirn-Schranke und Antibiotika

Ostergaard C et al.: Antimicrob Agents Chemother 2009, 53: 1581-1585




BHS - Antiinfektiva s

Tattevin P et al.: ICM 2018

4. Drugs of no use in CNS infection:
Hydrophilic molecules, large size
Not suitable for intraventricular
administration (toxicity, or no data)
- Echinocandins
- Macrolides

BLOOD-BRAIN BARRIER

C B-lactamase inhibitors

Lateral

Ventricles

Third
Ventricle

BLOOD-BRAIN BA

u[

1. Drugs with good CNS diffusion:
» Lipophilic molecules, small size
» Efficacy in CNS with standard doses,
i.v. or orally

- Fluoroquinolones

- Fluconazole, voriconazole

- Rifampin

- Oxazolidinones

- Metronidazole

2. Drugs with n
» Hydro-lipophi
» Efficacy in CN!

tolerability all
- Plactan
- Aciclovir
- Vancom),
- Doxycyci

Penicillins

Cephalosporins
Carbapenems
Aminoglycosides
Fluoroquinolones

Doxycycline

Fosfomycin
Linezolid
Vancomycin
Trimethoprim
Sulfamethoxazole
Sulfadiazine
Metronidazole
Rifampicin
Aciclovir
Valaciclovir
Ganciclovir
Foscarnet
Flucytosine
Fluconazole
Voriconazole
Amphotericin B
Caspofungin
Micafungin
Albendazole

Praziquantel

AUC_¢/AUC,.sma in the absence

of meningeal inflammation

0.02
0.07
0.007-0.1
0.2
0.2
0.3-0.7

0.2
0.18

0.9
0.16
0.2
0.1
0.3
Not available
0.2
0.31
0.8
0.19
0.35
Not available
Not available
Not available
Not available
<0.01
Not available
0.4

0.24

AUC/AUC, j,sma iN patients

with meningeal inflammation

0.2
0.1
0.15
0.3
Not available
0.7-0.9

0.2

Not available
Not available
0.3
0.45
0.27
Not available
0.9
Not available
Not available
Not available
Not available
0.45
0.74
0.86
0.46
<0.01
<0.01
<0.01
Not available

Not available



Pharmakokinetik —— Pharmakodynamik

Dosis ——» Konzentration/Zeit Konzentration —» Effekt

v’ Das Antibiotikum muss in adaquater Weise appliziert werden

v'Das Antibiotikum muss an den Ort der Infektion gelangen

v Ausreichend hohe Gewebekonzentrationen miissen erreicht werden
v' Das Antibiotikum muss dort Gberhaupt wirken kénnen (bakterizid)
v Es muss gegen den potentiellen Erreger wirksam sein

v Das Antibiotikum muss ausreichend lange wirken kénnen

Welches Antibiotikum in welcher Dosis fur die
empirische Therapie?




Therapie - Antibi

otika

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016

Initiale Antibiotikatherapie der hakteriellen Meningitis (ohne Erregernachweis) bei Erwachsenen.

Klinische Konstellation Empfohlenes Antibiotikaregime

Gesund, keing Abwehrschwaiche, ambulant erworben  Cephalosporin Gruppe 3a” plus Ampicillin2

(,community-acquired"|

Nosokomial (z. B. nach neurochirurgischer Operation Vancomycin p

us Meropenem oder Vancomycin plus

oder Schadel-Hirm-Trauma) Ceftazidim’ (plus Metronidazol bei operativem Zugang
durch Schleimhaute)

Abwehrgeschwachte, altere Patienten Cephalosporin Gruppe 3a plus Ampicilin

Shunt-Infektion Vancomycin plus Meropenem oder Vancomycin plus

Ceftazidim



Therapie - Antibiotika

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016
Van de Beek et al.: Nat Rev 2016

1: Identified pathogen \

f ' ' ' v ¥
F 2o e = # o> "= ~ e . Y ' e P ~ - s Y N\
| Streptococcus ' Listeria ' ' Neisseria ‘ " Streptococeus | " Haemophilus | | Escherichia coli |
pneumonice _ monocytogenes | !\ meningitidis | . agalactiae | - influenzae e
' 2 ¢ ; : ; . < , :

( Penicillin MIC | (" Penicillin MIC | ( Pactamase :mj

Susceptible | Resistant
<0.06 g perml | >0.12 ug perml

.
" Cefotaxime or
ceftriaxone MIC |
Susceptible | Resistant Susceptible | Resistant
<1.0pg per ml | >1.0ug per ml <1.0ugperml | >1.0ug perml Negative | Positive
A ) i ) , ' D

N N Y ‘~. /‘ N / \ ~

& N N | ! ( N f ) ) { T - \/ . « _lhe
iPenicillin G, | Cefotaxime | | Vancomycin |  Amoxicillin,' | Penicillin G, | | Cefotaxime | Amoxicillin, | | Amoxicillin = Cefotaxime | Amoxicillin
| amoxicillin or plus either ampicillin = | amoxicillin or ampicillin or oramplcalhn or or ampicillin
,or ampucullm ceftrlaxone - cefotaxime ovpemcnllm o ampacullm ceftnaxone pemcnllmG l | ceftriaxone | plus an

Sl 0 orceftnaxone' ~ g% '1 . —— !\aminoglycoside
l | T — b L

l lr l s Cefotaxime, 1 L
2 | Cefotaxime, i - Cefotax-me.

ceftriaxone,

/ . 4 o Y
Cefotaxime | Ccfeplmc Vancomycm Trimethopnm ICefotoxlmc - Cefepime, ceftriaxone cefepime, Celepnme. | ceftriaxone
or or plus sulfameth- or fluoroquinolone or aztreonamor | fluoroquinolone or
Iceftrlaxone meropenem moxifloxacin oxazole ceftriaxone | or meropenem | vancomycin .\ﬂuomquinolone | Of Meropenem || vancomycin
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Therapie - Antibiotika
S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016
ARS-Surveillance-Netzwerk

Dosierung einiger in der Therapie der bakteriellen Meningitis gebrauchlichen Antibiotika bei

Erwachsenen.

Penicillin G 6x4-5 Mio IE
Ampicillin 6x2 g
Cefotaxim 3x2-4 g
Ceftazidim 3x2 g
Ceftriaxon 1x4 oder 2x2 g
Meropenem 3x2 g
Fosfomycin 3x5 g2
Rifampicin 1x600 mg
Vancomycin 2x1 g1
Linezolid 2x600 mg
Gentamicin 1x240-360 mg3

Metronidazol

3x500 mg




VA-Meningitis — Kalkulierte Therapie

n. McGill F et al.: Lancet 2016, 388: 3036-3047

Initiale empirische Therapie bei amb. erworbener Meningitis (ohne infekt. Risikofaktoren)

Erreger Kalk. Therapie Dosierung
Pneumokokken 1. Wahl Cefotaxim 6x2gi.Vv.
Meningikokken plus _

Listerien, Hamoph. Ampicillin 6x2gi.v.
Pneumokokken 2. Wahl Chloramphenicol 4 x 25 mg/kg i.v.
Meningikokken plus _

Listerien, Hamoph. Cotrimoxazol 4 x 5/20 mg/kg i.v.

Adjuvante Dexamethason 4 x 10 mg i.v. Uber
Therapie 4 Tage
V.a. Herpes- V.a. plus 3 x 10-15 mg/kgKG
simplex-Viren 1/2 | Herpesvirusinfektion Aciclovir i.v. Uber 1h

Initiale empirische Therapie bei nosokomial erworbener Meningitis

Erreger Kalk. Therapie Dosierung
Bakt. Erreger: 1. Wahl Ceftazidim 6x2gi.v.
Koag. Staph. plus
Staph. aureus Vancomycin Initial 30 mg/kgKG;
Enterobacteriaceae danach2x1gi.v.
(Drug-Monitoring:
Ziel-Tal-Spiegel: 20-
25 mg/l)
V.a. ESBL-Bildner 1. Wahl Meropenem 3x2gi.v
plus
Vancomycin S.0.




I N t I at h e kal = A N t | | N fe kt | VA  PKIPD: Zeit- versus Konzentrations-

abhangige Wirkung
Van de Beek et al.: NEJM 2010, 362: 146-154

Nau et al.: Clin Microbiol Rev 2010, 23: 858-883 _ Cmax:MHK
S2k-Leitline: Kalkulierte Initialtherapie bakterieller Konzentration
; _ I - R-Lactam-Antibiotika:
T . zeitabhanaiae Wirkuna
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Meningokokken-Meningitis - Prophylaxe

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016

Nach Empfehlungen der STIKO sind enge Kontaktpersonen:

-Alle Haushaltsmitglieder

-Personen, bei denen der begriindete Verdacht besteht, dass sie
mit oropharyngealen Sekreten in Berihrung gekommen sind
-Kontaktpersonen in sonstigen Gemeinschaftseinrichtungen mit
haushaltsahnlichem Charakter, z.B. Internaten, Wohnheimen,
Kasernen

Prophylaxe:

Erwachsene: 1 x 500 mg Ciprofloxacin
Kinder: 2 x 10 mg/kg Rifampicin (2 d)
Schwangere: 250 mg Ceftriaxon i.v./i.m.

AulRerdem: 24 h Isolierung von Pat. n. Beginn einer AB-
Therapie
Erkrankung und Verdacht sind meldepflichtig n.
1fSG




lerdsanierung

s Mastoiditis

** NNH-Infektionen

s ZMK-Infektionen

¢ Device-assoc. Infektionen
s Spondylodiscitis
*Endokarditis

e Sepsis

s*Hersanierung (so schnell wie moglich?) I

http://wikipedia.org


http://upload.wikimedia.org/wikipedia/commons/f/f9/Mastoiditis1.jpg
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Adjuvante Therapie

De Gans J et al.: NEJM 2002, 347: 1549-1566

The New England
Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Society

VOLUME 347 NOVEMRER 14, 2002 NUMBER 20

DEXAMETHASONE IN ADULTS WITH BACTERIAL MENINGITIS

JAN DE GANS, PH.D., AND DIEDERIK VAN DE BEgek, M.D., FOR THE EUROPEAN DEXAMETHASONE IN ADULTHOOD
BACTERIAL MENINGITIS STUDY INVESTIGATORS*

v  Prospektive randomisierte Studie
v 301 Pat. mit bakt. Meningitis

v Dexamethason — Placebo

v Dexamethason: 4 x 10 mg/4 Tage



TABLE 2, OUTCOMES EIGHT WEEKS AFTER ADMISSION, A d : T h :
ACCORDING TO CULTURE RESULTS.* J uvan te erap 1€
De Gans J et al.: NEJM 2002, 347: 1549-1566
DexaMETHASONE ~ PLACEBO ReLaTive Risk
Outcome AND CuLTuRE ResuLTs Group Group (95% ClIt P VaLue
no./total no. (%)
Unfavorable outcome ThBLE . ADVERSE EVENTS.
All patients 23/157 (15)  36/144 (25) 0.59 (0.37-0.94)  0.03
Streptococcus preumonine 15/58 (26) 26/50 (52) 0.50(0.30-0.83)  0.006
Nessseria meningitidis 4/50 (8  5/47 (11) 075(0.21-2.63) 074 )
Other bacteria T 177 6] 183 (UD-278)  U%% EXAETHASONE
Negative bacterial culturet. /37 (5) 4730 (13) 041 (0.08-206) 040 Grour  Puaceso Geove P

Death Event (N=187) (N=144)  Vawe
All patients 11/157(7)  21/144 (15) 048 (0.24-096)  0.04
S, pnesmoniae 8/58 (14) 17/50 (34) 041(0.19-0.86)  0.02 o, (%!

N. meningitidis 2/50 (4) 1747 (2) 1.88(0.76-20.1)  1.00
Ofther bacteria 712 (8] 1717 (6] TZZ(U.I0-205] LU0 _ :

A L | eV R
0Cal NEUrnIngIC abnorm ties o :
Al patients 18/143 (13) 24/119 (20) 0.62(036-109) 0.3 Stomach perforation 1) 0 1.00
. pnewmoniag 11/49 (22) 11/33 (33) 0.67(0.33-1.37) 0.32 _ :

N, meningitidis 346 (7)  5/4 (11) 057(015-226) 048 Hypergeemia i) e 0
Other bacteria 311 (27)  3/16 (19) 145(0.36-592)  0.66 Herpes zoster 6 (4) 4(3) 075
Negative bacterial culture 1/37 (3)  5/26 (19) 0.14(0.02-1.13)  0.07 T

Hearing loss Fungal infection §(5) {3 038
Al patients 13/143(9)  14/M19(12) 077 (0.38-1.58)  0.54
S, pneumaniag 7/49 (14) 7733 (21) 067(0.25-1.69) 0.5
N. meningividis 3/46 (7)  5/44 (11) 057(0.15-2.26) 048
Other bacteria /10 (18) 1716 (6) 291(0.30-28.3) 055
Negative bacterial culture 1/37 (3) 1726 (4) 070(0.05-107)  1.00




Adjuvante Therapie

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitits im Erwachsenenalter, 2016

The Cochrane Librarx 2015

Corticosteroids  Placeho Risk Ratio Risk Ratio
Stucyor Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Bademosi 1979 17 4 1118 28% 127069234 —
Belsey 1964 14143 0% 2000019,2124) b
Empfehlung: Bennett 1963 165 38 22 47 48%  D090[056, 146 ——
Bhaurmik 1998 13 15 07T% 038[0.04,376) ¢
Bei Verdacht von Ciana 1995 8 M 120 % 28% 071033151 —
| deGans 2002 1M 187 2 14 53%  0.4B[0.24,0.98) —
Pneumokokken als Erreger: | . s m 7 81 B 0% 13322303 =
Girgis 1989 N1 43 M5 100% 053033047 ——
Initial 10 mg Dexamethason | tanatss 1® 17 0% 18[018,1930 =
(vor oder mit Beginn der 1. AB-Dosis) Kllpi 1385 R S U ot esftimable
10 mg Dexam. alle 6 h tiber 4 Tage King 1994 0818 0% 0340019 ¢
Lebel 19383 0 &1 48 D4%  03200.01,768 ¢
Lebel 19830 0 51 0 48 Mot estimable
Lehel 1989 01 130 D4% 0320001767 ¢
Mathur 2013 § 40 15 40 39%  0M@A0I ———————
Malynew 2002 9 305 91 283 226%  1.01[080,1.29) ——
Nguyen 2007 N7 % ME BI% 85[0, 149 —
Orfin 1991 1 &1 43 03% D04[0.06 146 ¢ b
Peltola 2007 OB 2 1683 Bd% 087052 1.48 ——
Qazi 1996 12 48 5 41 13%  205[079,533
Sankar 2007 0 12 1 13 04%  03B[002,80 ¢
Seatborough 2007 1200 230 120 229 294%  1.0B[090,1.28) -
SBchaad 1993 0 B0 0 %5 Mot estimable
Thomas 1398 101 5 B 1% DAR[015214)
\Wald 1995 1 B D74 DA% 321[013,7760) b
Total (95% CI) 2064 2057 100.0%  0.90[0.80, 1.01] 4
Total events I67 409
Heterogeneity. Gh* = 26,68, df= 21 (F= 0.18) F= 21% TR ; i

Testfor overall effect 7= 1.80 (P=0.07)

Favours coticosteroids Favours placeho



Negativ-Empfehlung — Glycerol

Ajdukiewicz et al.: Lancet ID 2011, 11: 293-300

3716 patients underwent lumbar puncture

371 had eryptococcal meningitis

799 had lymphocytic or non-diagnostic CSF

"] 2166 had normal CSF

380 met entry criteria

63 died before recruitment

18 refused consent

13 were pregnant

3 were below 16 yrs old

» 2 cryptococcal meningitis

3 outpatients

13 other reasons (3 lab data missing; 6 patients not found; |
unnamed sample; | GLAM patient readmitted; 2 our error)

h 4

265 were randomised to the trial

137 received glycerol

/\ 1o ceemvediploecbo

0 lost to follow up
# 1 withdrew consent

A

Day 40 outcome

136

2 lost to follow up
1 withdrew consent

k.

Day 40 outcome

125

0.25 0.50 0.75 1.00

0.00

Kaplan-Meier survival by drug

T
20 30
Days to death

Flemsan ——— Elyesm

40



Negativ-Empfehlung — Hypothermie

Mourvillier B et al.: JAMA 2013, 310: 2174-2183

38+
130 Patients assessed for eligibilty Controls
B 37 e e
32 Excluded 2 3
13 Hada 6(S>8 2 .
4 Had purpura fulminans S
2 Were observed after 121 5 341 Hypothermia therapy
~, Uleemorbond E s~
| 1 Had viral meningitis
1 Had PaSteureua > 0 tll é 1‘2 1|6 2b 2‘4 2I8 3I2 3|6 4IO 4|4 4|8
1 Had proteinorachia <2.2g/L T
1 Did not consent No. of patients
Controls 46 45 45 46 45 46 44 45 44 44 44 44 42
Hypothermia therapy 47 46 46 46 45 43 43 43 42 42 41 41 40
7 Other? hermia th
98 Randomized )

49 Randomized toreceive hypothermiatherapy 49 Randomized to receive standard therapy (controls) T Sm———

Probability of Survival

49 Received hypothermia therapy asassigned 49 Received standard therapy as assigned U
32-34° C/48h 02
1 Referred to nonparticipating 1 Relatives of patient withdrew | MEEETE
hospital B —> consent \ 00 0 p o e m
0 Lost to follow-up 0 Lost o follow-up \ Time, d
Y Y Ngér?*trgfsk 49 40 38 37 36
Hypothermia therapy 49 31 27 25 25

49 Included in primary analysis at day 90 49 Included in primary analysis at day 90 |




Meningitis und Komplikationen

Scheld et al.: J Infect Dis 2002, 186 (Suppl): S225-S233; van de Beek et al.: NEJM 2006; 354. 44-53

Inflammatory Metabolic
host reaction disturbances
pH ||
—» BBB disruption — l
Cerebral
Cerebral . :
—» Hydrocephalus —% oqema Vasodilation perfusion |
l pressure
—» Cellular swelling—- CBVTT

' '

Intracranial TT
pressure

v v

Cerebral herniation Cerebral ischemia

]

Vasculitis




Komplikationen

S2k Leitlinie Ambulant erworbene bakterielle (eitrige) Meningoencephalitis im Erwachsenenalter, 2016

Zerebrale Komplikationen der bakteriellen Meningitis bei Erwachsenen.

Komplikationen Haufigkeit

Hirnddem mit der Gefahr der Einklemmung

Zerebrovaskulare Beteiligung:

[ Zerebrale arterielle GefaRkomplikationen: Arteriitis (Stenosen,
Kaliberschwankungen), Vasospasmus, fokale kortikale Hyperperfusjs
Autoregulationsstérung

[ Septische Sinusthrombosen (iiberwiegend des Sinus sag
kortikale Venenthrombosen

Hydrozephalus 10-15%
Vestibulokochledre Beteiligung (Hor, i 10-20%
Hirnnervenparesen ca. 10%
Zerebritis (Hirnphle <5%
Epileptische A 2-15%

selten als Folge de¥Meningitis: Hirnabszess, subdurales Empyem



Komplikationen-ICP

Glimaker M et al.: PLOS ONE 2014, 9, e1976

30
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Komplikationen-ICP

Glimaker M et al.: PLOS ONE 2014, 9, e1976

n
Mannitol prior to 5 6%0\0
intervention ‘\',
Q\O
Drainage of Csf at operation 48 6\)‘5 2
QP
Drainage of Csf at NICU .&0' 88
°
Hyperosmolar therapy xS 40
— &

Hyperventilation \‘& 25

External cooling \\ze 17

. Q° 3 6

4

3 6




Nosokomiale bakt. Meningitis

Risikofaktor

Inzidenz [%]

Kraniotomie

0,8-1,5

Ventrikulare Shunts

4-17

Externe
Ventrikelkatheter

8

Externe
Lumbalkatheter

SHT

1,4

Offenes SHT

2-11

Van den Beek D et al.: NEJM 2010, 362: 146-154;
Beer R et al.: J Neurol 2008, 255: 1617-1624

Frontal hom of |
) lateral ventricle
N

EVD-Ventrikulo-
Meningitis relevante
Erreger

Haufigkeit

Staph. epidermidis

70 %

Staph. aureus

10%

Gram-neg (Klebsiella spp.

E. coli, Pseudomonas
spp.

15%

Anaerobier

Selten

Candida spp.

Selten




Nosokomiale bakt. Meningitis — Emp. Therapie

Van den Beek D et al.: NEJM 2010, 362: 146-154

of the Infection.

Table 2. Recommended Empirical Antimicrobial Therapy for Nosocomial Bacterial Meningitis, According to the Pathogenesis

Pathogenesis Common Bacterial Pathogens

Postneurosurgical infection

ing Pseudomonas aeruginosa), Staphylococcus
aureus, and coagulase-negative staphylococci
(especially S. epidermidis)

negative bacilli (including P. aeruginosa),
Propionibacterium acnes

Penetrating trauma S. aureus, coagulase-negative staphylococci (espe-

cially S. epidermidis), facultative and aerobic
gram-negative bacilli (including P. aeruginosa)

Basilar skull fracture Streptococcus pneumoniae, Haemophilus influenzae,

group A B-hemolytic streptococci

Facultative and aerobic gram-negative bacilli (includ-

Ventricular or lumbar catheter Coagulase-negative staphylococci (especially S. epi-
dermidis), S. aureus, facultative and aerobic gram-

Antimicrobial Therapy*

Vancomycin plus cefepime, ceftazidime, or mero-
penem’|

Vancomycin plus cefepime, ceftazidime, or mero-
penems

Vancomycin plus cefepime, ceftazidime, or mero-
penemT

Vancomycin plus a third-generation cephalosporin
(i.e., ceftriaxone or cefotaxime)

* The preferred daily dosages of antimicrobial agents in adults with normal renal and hepatic function are as follows: vancomycin, 15 mg per
kilogram of body weight every 8 to 12 hours to maintain a serum vancomycin trough concentration of 15 to 20 ug per milliliter; cefepime,
2 g every 8 hours; ceftazidime, 2 g every 8 hours; meropenem, 2 g every 8 hours; ceftriaxone, 2 g every 12 hours; and cefotaxime, 2 g every
4 to 6 hours. For patients with severe allergy to penicillin or cephalosporins, aztreonam, 2 g every 6 to 8 hours, or ciprofloxacin, 400 mg ev-
ery 8 to 12 hours, can be used for treatment of infection caused by gram-negative bacilli.

T The choice of the specific agent should be based on local antimicrobial susceptibility of aerobic gram-negative bacilli.




Healthcare-Associated Ventrikulits/Meningitis

Tunkel AR et al.: Clin Infect Dis 2017

Microorganism Standard Therapy Alternative Therapies

SIE D YEEREEE Nafcillin or oxacillin VS
Methicillin sensitive Daptomycin, trimethoprim-

Methicillin resistant Vancomycin sulfamethoxazole, or linezolid
-y . -
Propionibacterium acnes Penicillin G Ul gengratlon cephalllosporln, .
vancomycin, daptomycin, or linezolid
Streptococcus pneumoniae Penicillin G

Penicillin MIC <0.06 pg/mL
Penicillin MIC =0.12 pg/mL
Cefotaxime or ceftriaxone MIC <1.0 ug/mL
Cefotaxime or ceftriaxone MIC 21.0 ug/mL

Third-generation cephalosporin®
Cefepime or meropenem
Moxifloxacind

Third-generation cephalosporin®
Vancomycin plus a third-generation
cephalosporinP:c

Pseudomonas aeruginosa Cefepime, ceftazidime, or meropenem Aztreonam or ciprofloxacin
I Third-generation cephalosporin,?
Haemophilus influenzae — . )
: Ampicillin cefepime, or a fluoroquinolone
B-lactamase negative : . Ny :
Third-generation cephalosporin Cefepime, aztreonam, or a

B-lactamase positive .
fluoroquinolone

Extended spectrum B-lactamase-producing

) . Meropenem Cefepime or a fluoroquinolone
gram-negative bacilli

Colistin (usually formulated as

Acinetobacter baumannii Meropenem colistimethate sodium)e or polymyxin Be

Meropenem, aztreonam, trimethoprim-

Other Enterobacteriaceaef Third-generation cephalosporin® . )
sulfamethoxazole, or ciprofloxacin

Lipid formulation of amphotericin B =

. Fluconazole or voriconazole
flucytosine

Candida species?

Lipid formulation of amphotericin B or

Aspergillus species Voriconazole
posaconazole




Zusammenfassung Meningitis

Prowlbe et anll
80 - 2005

60 -

40 -

201 4

O | mmmm  mmem — ,

0-2 >2-4 >4-6 >6 - >8-10

v Frihzeitige Antibiotikatherapie Bostiis-antibiot fims (hours}
CCT u. LP sind nachgeordnet
Ausreichend hohe Dosierung

v'Schnelles Erkennen

v'Schnelle Diaghostik

Case fatality rate (%)

v Frihzeitiger Einsatz von Dexamethason (4 x 10 mg/d)
v Fundierte Intensivtherapie

v Fokussanierung u. Komplikationsmanagement

v Einsatz immunmodulatorischer Konzepte?

v Impfprogramme (Pneumokokken, Meningokokken, Haemophilus)

v Keine Hypothermie und kein Glycerol



AB-Therapie — Wie schnell?

Harnwegsinfekt Hirnabzess Sepsis

Pleuraempyem Pneumonie Meningitis

57



Hirnabszess

Brouwer MC et al.: NEJM 2004, 371: 447-456; Neurology 2014, 82: 806-813
S1-Leilinie AWMF: Hirnabszess , 2016

UND ... HERR DOKTOR 2
c

IST ES EINE SELTENE e S
KRANKHEIT = | 1sT vOLL DAVON

v  Inzidenz: 0,3-1,3 Falle/100.000 Einwohnern

v Symptome: Kopfschmerzen, Ubelkeit/Erbrechen, Fieber
Herdsymptome, Epilept. Anfalle

v’ Risikofaktoren: Immunsuppr., Posttrauma, sept. Fokus
v’ Diagnostik: Bildgebung (CCT, MRT), Blutkulturen

v Erreger: 27% polymikrobiell (gram-pos. Bak. dominieren)

v  Prognose: Letalitat ist von 40% auf 15% gesunken

ce-comico.de.ki



Hirnabzeld

Brouwer et al.. NEJM 2014, 371 (5)
Widdrinton et al.: Infection 2018

Diagnostik:

* Bildgebung: CCT
MRT (Diff-G)
* Blutkulturen
» Abszess-Punktion
e (Liquor-Diagnostik)
* Infekt-Parameter (CRP)
» Fokussuche




lirnabzess — Symptome, Lokalisation, Fokus

widdrington JD et al.: Infection 2018

A Presenting symptoms B GCS at time of presentation
Sei
1zure P 80
Fover EEEEEREEd 5
Altered mental status PEEEEEEER g
Focal neurological deficit _ Y S 404
Symptoms of source infection -_ ] é
Vomiting F . 3 201
Collapse -F Y
' i ! ' ! . 0 " ' —#
¢ 2 5 75 100 125 15 1114 810 57 34
Number of patients _
GCS at presention

| CO Absent @& Present

Site of abscess D

Brainstem

Cerebellum

Frontal lobe
Occipital lobe

Parnetal lobe- |
Temporal lobe-

Multiple abscesses iz

Subdural empyema-

0 10 20 30 40 50
Number of patients

Source of infection

Fokussuche:

* CCT(Schadelbasis, NH)
* Mundhohle u. Zahnstatus
* HNO

* TEE

* Blutkulturen
 Stereotaktische Punktion
» Abklarung Risikofaktoren




Hirnabzess — Erreger

Brouwer MC et al.: Neurology 2014, 82: 806-813

Beim bakteriellen Hirnabszess am haufigsten isolierte bakterielle Erreger (nach Sharma et al. 2009,
Klein et al, 2014, Mishra et al. 2014, Brouwer et al. 2014a).

Bakterielle Erreger Haufigkeit
Streptokokken, vorzugsweise 35-50%
Streptococcus viridans-Gruppe

Staphylococcus aureus 10-15%
Koagulase-negative Staphylokokken 5-10%
obligate Anaerobier, 2.B. Bacteroides-Spezies 15-40%
Gram-negative aerobe Bakterien, 15-30%

2.B. Enterobakterien und Pseudomonas spp.




Hirnabszess — Diagnostik/Therapie

S1-Leilinie AWMF: Hirnabszess , 2016; Brouwer et al.: NEJM 2014, 371: 447-456; Widdrington JD et al.:
Infection 2018

« Offen
Drainage « Stereotakt.

G « Kalkuliert
Antibiotika , Kombination

Fokus- . Chirurgisch
Sanierung e Interventionell




Hirnabszess — AB-Therapie Erregernachwels

Sj6lin J et al.: Antimicrob Agents Chemother 1991, 35: 2606-.2610

S1-Leilinie AWMF: Hirnabszess, 2016 »Fokussanierung

Empirische antibiotische Therapie beim Hirnabszess (Tagesdosen bei normalgewichtigen > DeeS ka| atl on

Erwachsenen ohne ausgepragtere Beeintrachtigung der Nieren- oder Leberfunktion).

Empirische Antibiotikatherapie

AuBerhalb des Krankenhauses erworben:
Cefotaxim 4 x 3g oder

Ceftriaxon 2 x 2g i.v.

+ Metronidazol 3 x 0,5g i.v.

+ Staphylokokken-Antibiotikum (z.B. Flucloxacil
Rifampicin 1 x 0,6g i.v. oder Fosfomycin 3 x 5g
Posttraumatisch oder innerhalb des Krankenh
Vancomycin 2 x 1g* i.v.

+ Cefotaxim 4 x 3g oder Ceftriaxon 2 x 2gi.v.
+ Metronidazol 3 x 0,5g i.v. oder

Vancomycin 2 x 1 g* i.v.

+ Meropenem 3 x 2g

Nach Organtransplantation oder Chemotheraj
Vancomycin 2 x 1g* i.v.

+ Cefotaxim 4 x 3g oder Ceftriaxon 2 x 2g i.v.

+ Metronidazol 3 x 0,5g i.v.

+ Cotrimoxazol 2 x 0,96g i.v.

+ Voriconazol 2 x 0,2g i.v.#

* Spiegelkontrollen erforderlich

Therapiedauer:
Kombinations-Therapie »>4-8 Wochen

# Spiegelkontrollen zu empfehlen (Ashbee etal. . .,



Antibiotika

Brouwer MC et al.: NEJM 2014, 371

Kalkulierte Therapie:
»Vermuteter Erreger
-Patient

-Fokus

Table 1. Predisposing Conditions and Microbial Isolates in Patients with Brain Abscess.*

Predisposing Condition

Immunocompromise
HIV infection

Neutropenia

Transplantation
Contiguous spread of bacteria

surgery
Otitis media or mastoiditis

Paranasal sinusitis

Hematogenous spread
of bacteria

Lung abscess, empyema,
bronchiectasis

Bacterial endocarditis
Congenital heart disease

Dental infection

Penetrating trauma or neuro-

Common Microbial Isolates

Toxoplasma gondii, nocardia and mycobacterium species, Listeria monocytogenes,
Cryptococcus neoformans

Aerobic gram-negative bacilli, aspergillus species, Mucorales, candida and scedo-
sporium species

Aspergillus and candida species, Mucorales, scedosporium species, Entero-
bacteriaceae, nocardia species, T. gondii, Mycobacterium tuberculosis

Staphylococcus aureus, S. epidermidis, streptococcus species (anaerobic and aero-
bic), Enterobacteriaceae, clostridium speciest

Streptococcus species (anaerobic and aerobic), bacteroides and prevotella species,
Enterobacteriaceaef

Streptococcus species (anaerobic and aerobic), bacteroides species, Entero-
bacteriaceae, S. aureus, haemophilus speciest

Fusobacterium, actinomyces, bacteroides, prevotella, nocardia, streptococcus species

S. aureus, streptococcus species
Streptococcus and haemophilus species

Mixed infection with fusobacterium, prevotella, actinomyces, bacteroides, and
streptococcus species (anaerobic and aerobic)

* HIV denotes human immunodeficiency virus.
T The Enterobacteriaceae include Escherichia coli and enterobacter, klebsiella, proteus, and salmonella species.




lirnabzel}

Brouwer et al.. NEJM 2014, 371 (5)
Sl-Leitlinie AWMEF, 2016

Aspergillus spp.:

* Voriconazol: 2 x 0,2g/die
(Spiegel-Bestimmungen!)

Candida spp.

Amphotericin B: 1 x 5 mg/kg/d
+ Flucytosin: 4 x 37,5 mg/kg/d

Table 2. Antimicrobial Therapy in Patients with Brain Abscess.

Treatment

Empirical treatment
Standard

For transplant recipients

For patients with HIV infection

Therapy*

Cefotaxime or ceftriaxone plus metronidazole; alternatively, meropenem
(add vancomycin if infecting pathogen may be Staphylococcus aureus,
pending organism identification and in vitro susceptibility testing)

Cefotaxime or ceftriaxone plus metronidazole, voriconazole, and trimethoprim~
sulfamethoxazole or sulfadiazine

Cefotaxime or ceftriaxone plus metronidazole, pyrimethamine, and sulfadi-
azine; consider isoniazid, rifampin, pyrazinamide, and ethambutol to

Treatment based on isolated pathogen
Bacteriaf
Actinomyces species}
Bacteroides fragilis3:
Enterobacteriaceaes;
Fusobacterium speciesy
Haemophilus speciess
Listeria monocytogenes
Mycobacterium tuberculosis
Nocardia species
Prevotella melaninogenicay:
Pseudomonas aeruginosa
S. aureus
Methicillin-sensitive
Methicillin-resistant
Streptococcus anginosus group,
other streptococcal
speciesi
Fungi
Aspergillus species
Candida species
Cryptococcus neoformans
Mucorales
Scedosporium apiospermum
Protozoa
T. gondii

cover possible tuberculosis infection

Penicillin G

Metronidazole

Cefotaxime or ceftriaxone

Metronidazole

Cefotaxime or ceftriaxone

Ampicillin or penicillin G§

Isoniazid, rifampin, pyrazinamide, and ethambutol
Trimethoprim-sulfamethoxazole or sulfadiazine
Metronidazole

Ceftazidime or cefepimef

Nafcillin or oxacillin
Vancomycin
Penicillin G

Voriconazole

Amphotericin B preparation§
Amphotericin B preparation§|
Amphotericin B preparation
Voriconazole

Pyrimethamine plus sulfadiazine




Mortality (%)

Complete recovery (%)
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Prognose

Brouwer et al.: Neurology, 2014, 82: 806-813
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Zusammenfassung

v Insgesamt seltenes Krankheitsbild
v’ Cave Risikogruppen
v’ Intensivtherapie initial immer erforderlich

v Erregernachweis wenn immer moglich

v Prognose korreliert mit konsequenter Therapie

v Prognose: Letalitat ist von 40% auf 15% gesunken




Nos. Ventrikulitis

Beer R et al.: J Neurol 2008, 255: 1617-1624

msgm mf Risikofaktoren fur eine Ventrikulitis:
Guanmmenou»vemv‘
"EVD-Liegedauer

»Haufigkeit des Samplings

*Intraventrikulare Blutung

»Hygiene-Probleme bei Anlage

Praventionsmalinahmen:
=Steriles Arbeiten
»Perioperative Prophylaxe

="\Wenig Manipulation

»Strenge Indikationsstellung




Staphylococeus epidermidis

Staphylococeus aureus

0% Nos. Ventrikulitis

10% Beer R et al.: J Neurol 2008, 255: 1617-1624

Others {induding gram negative bacteria and fungj) <20%

Febrile patient with EVD ]

— Gram negative rods {Klebsiella spp., L. coli, Pseudomenasspp)  15% i

— Anaerohes

— Candida spp.

ra re Necessary examinations:

Performm CSF Gram stain

Very rare : CSF culture

Calculate "cell index"

= Obtain CSF sample and blood culture

!

CSF purulent?

No (primarily hemorrhagic)

|

CSF Gram stain yields gram-positive bacteria
(most likely staphylococci)

Yes

|

| |

Yes No

! !

Rule out contamination
or colonization

Increase in "cell index" > 5
and EVD in situ > 3 days

! '

Treat immediately with broad-spectrum antimicrobial

therapy covering gram-positive and gram-negative

bacteria:

- 3"d generation cephalosporin plus rifampicin or
fosfomycin

In areas with high prevalence of MRSE, MRSA and

multiresistant gram-negative rods

= Vancomycin intravenously plus 4t generation
cephalosporin or meropenem (according to
local prevalence of ESBL-producing organisms)

Systemic antimicrobial therapy according to surveillance data:
= Flucloxacillin plus rifampicin or fosfomycin

In areas with high prevalence of MRSE or MRSA:

= Intrathecal vancomycin (if blood culture negative) or
= Intravenous vancomycin (if blood culture positive)
plus intrathecal vancomycin

As alterntive
= Intravenous linezolid as alternative (especially in patients with
impaired renal function)

If polymicrobial infection is suspected or immunosupressed patient
= Coverage with 3rd or 4th generation cephalosporin or meropenem

!

Consider EVD replacement

A

In case of positive CSF culture adapt antimicrobial
therapy according to resistance testing

N

!

Consider intraventricular aminoglycosides
in case repeated CSF cultures yield gram-
negative bacteria despite appropriate
intravenous antimicrobial therapy

EVD replacement in patients with
inadequate response to antimicrobial therapy

!

In case of positive CSF culture adapt
antimicrobial therapy according to resistance testing

Caveats:

Always look further for other sources of nosocomial
infections, in particular in patients with long-term ICU
stay (e.g. VAP, CRBSI, UTI, Clostridium difficile-
induced [antibiotic-associated] colitis)

Prolonged therapy with broad-spectrum antibiotics
may be complicated by fungal superinfection,
primarily with Candida spp.




Ventrikulitis

Tunkel AR et al.: Clin Infet Dis 2017

CSF-  + MiBi
Diagnostik -« Liquorprofil

 Ausbau

Device  Wechsel

» Systemisch

Antibiotika intrathekal




ITIS

Nos. Ventrikul

Blassmann U et al

.. CC 2016, 20: 343
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Ventrikulitis — Emp. Therapie

Tunkel AR et al.: Clin Infet Dis 2017

Systemische AB-Therapie

Vancomycin +

anti-Pseudomonas 3-Laktam (Ceftazidim, Meropenem)
Alternativ: Ciprofloxacin, Aztreonam

Hohe Dosis (TDM)

Intrathekale AB-Therapie
Vancomycin (20 mg/24h)

Therapiedauer

CNS, P. acnes: 10 Tage
S. aureus, gram-neg. Erreger: 14 Tage



~FRAPPER FORTE
ET

FRAPPER VITE”

P. Ehrlich: Int. Congress of
Medicine, London
Lancet 1913



