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MR. PRESIDENT, LADIES AND GENTLEMEN,-It must be
a great pleasure and a special honour for all of us

to meet here personally on British soil for a scientific

purpose, in order to take part in the great work which will
be of benefit to the whole world.

THE POSITION OF ENGLAND IN THE FIGHT AGAINST

INFECTIOUS DISEASE.

Are we not here in a country that has produced two
men who must be considered among the greatest men

of all times-Jenner and Lord Lister ‘! Like a star

in the darkness of his age Jenner’s great achievement,
which broke the power of such an awful public plague
as small-pox, still shines with peerless splendour. And

on the occasion of the last Congress which was held

here we gathered with wondering admiration round Lord
Lister, who through his introduction of antiseptics brought
about a revolution in surgery which stands alone in the

history of medicine. Here in England the first example of
a modern Institute for Tropical Diseases, which is a model

for all other institutes of this kind, was created under the
direction of Sir Patrick Manson. Through Ross’s excellent
work, Laveran’s discovery of the causes of malaria was so
far advanced that entirely new lines were opened up for the

hygienic struggle against tropical and subtropical diseases.
The proof by Castellani that a trypanosome is the cause

of sleeping sickness, the classical work by Bruce on illnesses
caused through trypanosomes, the specific cause of kala-

azar (Dum-Dum sickness), as proved by Leishman, are all

well known to us. The therapeutic influence of atoxyl in
the cases of trypanosome diseases was first established in

the Liverpool Tropical Institute by Thomas and Breinl, and

quite recently Plimmer has brought forward the use of tartar
emetic as an effective weapon against protozoal diseases.
The lifework of Almroth Wright is also known to all of us

-i.e., his work on opsonins and on the prophylactic treat-
ment of typhoid fever, which has been carried out in a

practical and most excellent manner. Even these few

names, to which I might add many others, show what a high
and leading position England has taken, and still holds, in
the fight against infectious diseases. To prevent the spread
of, and to heal, infectious diseases was at all times the

highest aim of medical aspirations; however, a systematic
pursuit of this purpose has only been possible in recent times,
as through the labours of all civilised nations we have got an

insight into the nature of infections, the causes of diseases,
and the means by which they are transmitted. Through
these methods it has been possible to infect animals

artificially, and so obtain material on which to test the drugs
in a systematic and rational manner. From the very first

beginnings of therapeutics chemotherapy has, indeed, been
in existence, as all the remedies which we employ are.

chemicals; on the other hand, experimental chemotherapy
could only develop in modern times in a fruitful manner as a
result of all this pioneer work. A special kind of institute,
well equipped with chemical apparatus, is necessary for this
purpose. The first institute of this kind was founded in

Frankfurt through the munificence of Georg and Franziska

Speyer.

THE PRINCIPLE OF FIXATION IN CHEMOTHERAPY.

Now, gentlemen, I may perhaps take the liberty of giving
you an insight into the workshop of the chemotherapeutic
work. The whole area is governed by a simple, I might
even say natural, principle. If the law is true in chemistry

’1cr^ l1al1

that Corpora non agunt nisi liquida," then for chemo-

therapy the principle is true that Corpora non agunt nisi
fixata." When applied to the special case in point this
means that parasites are only killed by those materials to
which they have a certain relationship, by means of which

they are fixed by them. I call such substances I parasito-
tropic." But I should like immediately to add that there
are evident exceptions to this law. So, for instance, we are

acquainted with a small series of cases in which the apparent
therapeutic results are obtained, although the allied sub-

stances in question do not possess parasite-destroying
qualities. That is the case in the infiltration of the sub-

cutaneous tissues, which is caused by a kind of yeast
(sporotrichosis). Here Block proved that the clinically
highly therapeutic iodide of potassium first of all dissolves

the cells of the infiltration, whilst the parasites, as such, are
not in the first instance attacked. But, in any case, it is

safer and better for the development of chemotherapy not
to build on the basis of exceptional work, but it is better

to start with such substances, which produce the destruction
of parasites by fixation.
Now it has been assumed in different quarters that some

of the more modern remedies are incorrectly regarded as

parasiticides, but in reality they are not such; thus, for

example, salvarsan or mercury salts are not intended to act

directly on the parasites, but indirectly, owing to the fact
that they excite the organism to the formation of specific
anti-substances. This view is mainly based upon the fact
that if one mixes the substances in question, such as, for

instance, neosalvarsan with certain pathogenic agents-
e.g., spirochmtm in test-tubes-one cannot perceive any
reduction in their motility after observing them for hours

together. From this fact, which was first discovered by
Professor Hata, the conclusion has been drawn that salvarsan

or neosalvarsan, as such, did not in any way directly
influence the spirochoetoe. Now it can very easily be shown
that this conclusion is quite incorrect.

If, for instance, one suspends the spirochaetas of relapsing
fever in indifferent mixtures of serum which do not injure
their vitality, and if one fills two small tubes with

them and adds to one of the tubes a very small

quantity of salvarsan or neosalvarsan, and if one then

centrifugalises, and then draws off the liquid, if one washes
the remaining spirochaetas again in a mixture of serum and

again centrifugalises it, then one obtains in both tubes a

deposit of spirochaetse which on microscopic examination
show the same properties-i.e., equally good mobility of

the spirochect2e. If, however, the spirochastse obtained in
this manner are injected into test mice, then one can very
soon convince oneself that the spirilla treated with salvarsan
do not give any infection to the animal, whilst the mice

vaccinated with the contents of the control tube promptly
show signs of infection. This proves that salvarsan or neo-

salvarsan, as the case may be, is absorbed by the spirochsetae
and must have damaged them, and that this trace of

salvarsan, which is so exceedingly minute that it can scarcely
be weighed, is sufficient to prevent the increase of the

parasites in the animal body. Therefore, by this very

simple and easily intelligible experiment the direct effect

of salvarsan or neosalvarsan on the spirochsetas, and thereby
the principle of fixation, is absolutely proved ; the objection
of the indirect effect based upon anti-substances therefore

falls to the ground.

HOW THE DRUGS ARE FIXED BY THE PARASITES.

It was necessary, however, to penetrate more deeply into
the mechanism of this fixation of remedies, and it is only
after long-continued efforts that success has been attained in

obtaining a clear conception thereof. In order to make

practical progress it appeared to be necessary, not to be

satisfied with the primordial idea, but to see in what manner 
’

the drugs are fixed by the parasites or, as the case may be,
by the cells. Only by taking a very roundabout way has it
been possible to obtain clearness with respect to these com-

plicated relations, and in this connexion it was especially the
studies on trypanosomes, and especially the investigations of

"drug-fast" strains of germs, which led to quite definite

representations with regard to the process of fixation. There

was no difficulty by continued treatment of the experimental
mice with certain definite remedies-e.g., fuchsin-in

finally obtaining a race of trypanosomes which had become
immune against these remedies-i. e., "drug-fast" in the

n
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Adäquate Antibiotikatherapie 
Eine Frage der Dosis u./o. Applikation? 

• Traditionelle Konzepte “one size fits 
all“ verfehlen PK/PD-Ziele 
o Unzureichende bakterielle Abtötung 
o Resistenzentwicklung 

• Intensivpatienten  
o Variabilität der substanzspezifischen 

Pharmakokinetik (vor allem b-Laktam-AB) 
o Bakterien häufiger MHK↑↑, resistent 

• Individualisierte Dosierung und 
Applikation mit TDM 
o Kakulationsprogramme (z.B. CADDy, webbasiert) 
o Prolongierte, kontinuierliche Applikation 



Roberts JA et al., 2009, Crit Care Med 

Adäquate Antibiotikatherapie 
Sepsis verändert die Pharmakokinetik 

If dosing does not account for 

these changes – suboptimal 

Suboptimal 

patient outcomes? 

ARF 
RRT method 
(C(I)HD, HF, HDF) 

Altered CL 
• blood/effluent flow 

(↑ Vd)? 

Plasma 
Concentrations 

?? 

ARF - acute renal failure, RRT- renal replacement therapy 

Vd – volume distribution, CL clearance 



4.5 g piperacillin-tazobactam, administered every 6 hours, intermittent 20-minutes infusion 

MIC 

♦ 2 mg 

♦ 4 mg 

￭ 8 mg 

￭ 16 mg 

● 32 mg 

● 64 mg 

￭ 16 mg 

￭ 16 mg 

￭ 8 mg 



Dosis von Piperacillin, ein Frage  
von Größe und Gewicht? 

• Keine Korrelation zwischen erforderlicher Piperacillindosis/BMI 

 Ende 2008 bis Ende 2012; 550 Patienten mit Sepsis; 1046 Cpss unter 

kontinuierlicher Applikation von Piperacillin 



Dosis von Meropenem, ein Frage  
von Größe und Gewicht? 

• Keine Korrelation zwischen erforderlicher Meropenemdosis/Gewicht 

 Ende 2008 bis Ende 2012; 238 Patienten mit Sepsis; 557 Cpss unter kontinuierlicher 

Applikation von Meropenem 
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Udy AA, Crit Care 2015 

Piperacillin-Clearance 
Kreatinin-Clearance, Korrelation  

Piperacillin-Clearance 

Brisbane, n = 48 Patienten 

r = 0.58, p < 0.0001 
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Heidenheim, n = 550 Patienten 

Koeberer A, Infection, Suppl 1 2013 



Meropenem-Clearance 
Kreatinin-Clearance, cutoff 

Meropenem- 

Clearance 

Normalwert: 

14-18 l/Std. 

238 patients, 557 Meropenem CPSS 
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Röhr AC, Mouton JW et al., ECCMID 2015 

Krea-Cl * 1.484-1.436 (r = 0.69, p < 0.0001) 

Cutoff: 7 l/h bzw. 117 ml/min 

7 

117 ml/min 



Serum ≠ Infektionsort  
Biliäre, nekrotisierende Pankreatitis, 34 Jahre 

• 185 cm, 100 kg 

• Meropenem über 3 Wochen 

o   2 Tage   4 g Meropenem 

o 11 Tage   6 g Meropenem 

o   7 Tage 12 g Meropenem 

 

13,5 mg/l 

5,1 mg/l 

9,5 mg/l 
8,0  mg/l 

17 mg/l 

17 mg/l 

16,5 mg/l 

8,0  mg/l 

8,5  mg/l 

9,0 mg/l 
Drainage 

 2 mg/l 

Drainage 

 4 mg/l 



Serum ≠ Infektionsort  
Beispiel Meropenem bei Pankreatitis 

13,5 mg/l 

5,1 mg/l 

9,5 mg/l 
8,0  mg/l 

17 mg/l 17 mg/l 16,5 mg/l 

8,0  mg/l 

8,5  mg/l 

9,0 mg/l 
Drainage 

 2 mg/l 
Drainage 

 4 mg/l 

CRP-Verlauf 

4000 mg/24 h 
6000 mg/24 h 

12.0000 mg/24 h 

345 mg/l 

336 mg/l 

219 mg/l 

29 mg/l 

Patient P.S., 34 Jahre 



Mitte Dosisintervall Ende Dosisintervall 

2 

4 

8 

16 

32 

64 

128 

256 

512 

Meropenem, n=238 Piperacillin, n= 550 

mg/l, [Log2] Cpss unter kontinuierlicher Applikation 

80% > MHK 

49% > 4 x MHK 

60% > MHK 

35% > 4 x MHK 

100% > MHK (PSA) 

  90% > 4 x MHK 

Meropenem n=89 

Piperacillin n=109 

361 Patienten gesamt 

  68  ICUs, 10 Länder 

67% Bolus-Applikation 

33% Prolongierte Appl. 

 (> 2 Std) 



Meropenem: ft > 4 x MHK (100%)  
Fluconazole:  fAUC/MIC > (50)100 

Vancomycin:  AUC0-24/MHK > 400 

Gentamicin:   Cmax/MIC (8-10 x MHK) 

Meropenem 500–10.000 mg/24 h 
Fluconazol 200 mg – 1600 mg/24 h 

Vancomycin 500-3000 mg/24h 

Gentamicin 200-800 mg 18-96 h 

Interindividuelle Variabilität PK/PD 

Individuelle Dosierung und tDM 

Meropenem 3 x 1000 mg 
Fluconazol 1 x 400 mg 

Vancomycin 2 x 1000 mg 

Gentamicin 1 x 400 mg   

Standarddosis 

(“one size fits all“?) 

Meropenem ca.  3 – 60 mg/l (Cpss)  

Fluconazol  4-40 mg/l (Cpss) [>8-16(32)] 

Vancomycin  5-50 mg/l Talspiegel [10-15(20) mg/l] 

Gentamicin  0,1 – 10 mg/l Talspiegel [< 1,0(0,5)] 

Hohe Variabilität der steady 

state Konzentration (Cpss) 

Geringe 

Variabilität 

PD Effekt 

Hohe 

Variabiltät 

PD Effekt 

Angepasste 
Zielkonzentration (PK/PD Ziele) 

Meropenem 8-16 mg/l (Cpss) 
Fluconazol >8-16(32) mg/l (Cpss) 

Vancomycin Talspiegel 10-15(20) mg/l 

Gentamicin Talspiegel < 1,0; Cmax > 16 mg/l  

Adäquate Dosierung? 
• Akutes Nierenversagen (ARF) 

• Nierenersatzverfahren (RRT) 



PK/PD-Ziel (Serumkonzentration > MIK) 

Daten aus der DALI-Studie 

De Waele JJ, Intensive Care Med 2014 

Risikofaktoren für das Nichterreichen des PK/PD-Zieles: 

• Bolusapplikation des Antibiotikums 

• Erhöhte Kreatinin-Cl 



Antibiotika-Applikation 
Prolongiert versus Bolus, Outcome (APACHE II) 

Lodise T P et al. Clin Infect Dis. 2007;44:357-363 

Mortalität KH-Aufenthalt 
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Intensivpatienten mit einer PSA Infektion, 
retrospektive Kohortenstudie 





PK/PD Ziele Piperacillin (PSA) 
EUCAST, Expertenmeinungen 

• EUCAST:     40% der Zeit > MHK 8 (16) mg/l 

• Expertenmeinung:   50% der Zeit > 4-6 x MHK 

• Expertenmeinung:  100% der Zeit > 4-6 x MHK 

blau         4000 mg alle 8 h 

schwarz  4000 mg alle 8 h als   

                 verlängerte Infusion   

                 über 4 h 

lila           2000 mg initial,    

                12000  mg über 24 h 

Zielwerte intermittierende Gabe 

Zielwerte prolongierte 

Infusion 

Ziel:  > 32 (64) mg/l  

Für Pseudomonas aeruginosa (PSA) 

Frey OR et al., Intensiv News, 2015 



Shiu RA et al, 2013, Cochrane Review 

Kontinuierlich versus Bolus  

Metaanalyse 6/2013 

Publication status and date: Published in Issue 6, 2013. 

Review content assessed as up-to-date: 13 Sept. 2012. 

29 (RCT) trials, 1600 participants 

“The absence of proof 
 is not  
 proof of absence”  
... of any possible effect! 
William Cowper (1731–1800)  



Bolus vs. prolonged, continuous  
actual metaanalysis 11/2013, 5/2014 

• 13 RCT (782), 13 cohort studies (2117) 

• Reduced clinical failure RR 0.68 

• Reduced ICU length of stay MD -1.5 

• No reduced mortality 

• 18 RCT (1155), 11 cohort studies (1051) 

• Increased clinical success RR 1.12 

 

• Significant reduction in mortality RR 0.66 





• 60 Patienten mit schwerer 
Sepsis, septischen Schock 

o Bolus n=30 

o Kontinuierlich n=30 

• PCT, doppel-blind/dummy 
o Piperacillin/Tazobactam 

o Meropenem 

o Ticarcillin/Clavulansäure 

• Ergebnisse 
o Plasmakonzentration > MHK 

- 29% (B) 82% (K), p < 0.001 

o Heilungsrate 
- 43% (B) 70% (K), p < 0.032 

o KH-Mortalität  
- 20% (B) 10% (K), p < 0.47 

Dulhunty JM et al, 2013, CID 

b-Laktam-Antibiotika (Bling 1) 

Bolus versus kontinuierliche Applikation 



1. > 3 days therapy mortality: 20.4% for CI and 27.6% for IB (P=0.14) 

2. Non-RRT patients:  14.6 for CI and 18.7% for IB (hazard ratio = 0.78) 

• 432 Patienten mit 
schwerer Sepsis, 
septischen Schock 
o Kontinuierlich n=212 

o Bolus n=220 

• PCT, doppel-
blind/dummy 
o Piperacillin/Tazobactam 

o Meropenem 

o Ticarcillin/Clavulansäure 

Dulhunty JM et al, Am J Respir Crit Care Med, 2015 

Nachfolgestudie, multizentrisch 
BLING 2 – outcome data 





Kontinuierliche Applikation  
b-Lactam-Antibiotika (Editorial) 

Chastre J, Luyt C-E, Dez 2015, Am J Respir Crit Care Med 

“A Knife cutting water“ 
•Optimal dose and application 

o The pathogen (MDR bacteria) 

o The host (the critically ill, septic patient) 

o The antibiotic itself 

o TDM and individual dosing in the ICU (septic patient!) 

•Optimize PK/PD-targets 
o Improve bacterial killing 

o Reduce adverse effects of potential toxic AB-levels 



Adäquate Antibiotikatherapie 
Aufwendungen (inklusive TDM), Kosten 

€uro Bolus-Applikation 

Woermann A. et al. Masterarbeit, 2015 

Kontinuierliche Applikation 
TDM-Kosten: 
Meropenem: 26.91 €, 3.69 € pro Tag (7.3 T) 

Piperacillin:  26.68 €, 3.81 € pro Tag (7.0 T) 



Zusammenfassung 

Adäquate Antibiotikatherapie bei Patienten mit 
schwerer Sepsis und septischem Schock ist auch 
eine Frage der individuellen Dosierung und 
Applikation 

• Standarddosierungen von antiinfektiven Arzneistoffen bei 
Intensivpatienten sind potentiell problematisch b-Lactam-AB)! 

o Veränderte pharmakokinetische Rahmenbedingungen (krankheitsbedingt)  
- Arzneistoffelimination, Verteilungsvolumen etc. 

o Große Gefahr der Unterdosierung oder Überdosierung 

• Bei der Bolus-Applikation von b-Laktam-Antibiotika werden 

Konzentrationen unter der MHK bereits nach 2-4 Std. erreicht 
o Abhängig von der Applikationsform, Dosis und dem Dosisintervall  

• Kontinuierliche Applikation + therapeutisches Drug Monitoring 
o Sicheres Erreichen PK/PD Zielwerten (> 60% der Zeit > 4 x MHK) 
o Bessere Gewebepenetration 
o Verringerung der Gefahr von Resistenzbildung 





Unser wunderbares Team 

Interdisziplinär und interprofessionell 

• Klinikapotheke 

o O. Frey 

o W. Probst 

o A. Röhr 

o J. Preissenberger 

- Apotheker 

o G. Meisel 

- PTA 

• Klinik für Anästhesie 

o A. Köberer 

o Th. Fuchs 

o A. Brinkmann 



Stabilität der Infusionslösungen 
Zerfallshalbwertzeit (Meropenem) 

Meronem Zerfallshalbwertszeit
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Dosis   500 mg/24 h   500 mg/50 ml 2,1 ml/h 

Dosis 1000 mg/24 h   500 mg/50 ml 4,2 ml/h  

Dosis 1500 mg/24 h 1000 mg/50 ml 3,1 ml/h 

Dosis 2000 mg/24 h 1000 mg/50 ml 4,2 ml/h 

Dosis 3000 mg/24 h 1000 mg/50 ml 6,3 ml/h 

Dosis 4000 mg/24 h 1000 mg/50 ml 8,4 ml/h 



Stabilität der Infusionslösungen 
Zerfallshalbwertzeit (Meropenem) 

Meronem Zerfallshalbwertszeit
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Linear

Dosis   500 mg/24 h   500 mg/50 ml 2,1 ml/h, 24h 

Dosis 1000 mg/24 h   500 mg/50 ml 4,2 ml/h, 12h  

Dosis 1500 mg/24 h 1000 mg/50 ml 3,1 ml/h, 16h 

Dosis 2000 mg/24 h 1000 mg/50 ml 4,2 ml/h, 12h 

Dosis 3000 mg/24 h 1000 mg/50 ml 6,3 ml/h,   8h 

Dosis 4000 mg/24 h 1000 mg/50 ml 8,4 ml/h,   6h 

• 1500 mg in 50 ml Perfusor: 

o Zerfallshalbwertszeit 96 h (30 mg/ml) 

o Krit. Konzentration ( < 90%) ab  14,6 h 

• 1000 mg in 50 ml Perfusor: 

o Zerfallshalbwertszeit 120 h (20 mg/ml) 

o Krit. Konzentration ( < 90%) ab  18,25 h 

• 500 mg in 50 ml Perfusor: 

o Zerfallshalbwertszeit 159 h (10 mg/ml) 

o Krit. Konzentration ( < 90%) ab  24,18h 



Meropenem-Clearance 

Preisenberger JA, Köberer A, Frey OR, Fuchs T, Helbig S, Röhr AC, Brinkmann A.  

Comparison of different equations to predict meropenem clearance from serum creatinine concentration in critically ill 

patients.  Infection (2013) 41 (Suppl 1): S55 


