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» Uzun inflizyon nedir?
» Neden uzun infiizyon ? - Hangi antibiyotikler uygun?
» Avantaj-dezavatajlari nelerdir?
» Kilavuzlar ne diyor?

» Calismalar ne diyor?




Uzun inflizyon (Prolong,Long,Extended Infusion) nedir?

» Aralikli infiizyon; 20 ila 60 dakika (ortalama 30 dak) siiren infiizyon

» Uzamig (Uzun,Uzatilmig) infiizyon; >3 saatlik aralikli infizyonlar

» Siirekli inflizyon; 24 saatlik sabit oranli infiizyonlar

Moehring R at all. Prolonged infusions of beta-lactan antibiotics
UpToDate 2023



Neden uzun infiizyon ? Hangi antibiyotikler uygun?
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Son 30 yildir yeni bir
antibiyotik grubu kesfedilmedi.

Antibiotic deployment
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» Patojen direncindeki artiglar ve artan
MIK'lerin yani sira son 10 yilda
piyasaya sirilen sinirli sayidaki yeni
antibiyotik ajanlar, klinisyenleri olumlu
klinik sonuglar elde etmek icin cabalari




#Ilaclarin Farmakokinetik (PK)- Farmakodinamik (PD) parametreleri
“+»Serum ilag diizeylerinin saptanmasi

“*Hastaya 6zgi ilag dozu hesaplamalarinin yapilabilecegi
programlara erisme
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» Zaman bagimh antibiyotikler; ilag serum
konsantrasyonunun minimum inhibitor
konsantrasyonun  (T>MIK) zerinde
kaldigi  siirenin  etkililigin en iyi
prediktéri  oldugu  zamana  bagli

Tablo 1. Antibiyotiklerin etki sekillerine gore gruplandirimi™.

- . : Zamana bagh etki Konsantrasyona bagh etki
antibiyotiklerdir. gosterenler gosterenler
o el . . Beta-laktamlar Aminoglikozidler
> KOHSGHTI“OSYOH baQ'T" anti I?'YOh kler" Makrolidler Florokinolonlar
kOHSGnTI"GSYOHG b(lgll GnleIYOTIkIBP Klindamisin Ketolidler
olarak siniflandirilir ve etkinli g I, Glikopeptidler Metronidazol
minimum  inhibitor  konsantrasyonun Uksazoiidinesinr

Glisilsiklinler

(Cmax/MIK) (zerindeki en yiiksek
plazma ilag konsantrasyonu ile belirlenir.

Jacobs MR: Combating resistance: application of the emerging science of pharmacokinetics and
pharmacodynamics, Int J Antimicrob Agents 2007;28(Suppl 2):5122-6
Giir D. ANKEM Derg 2010;24(Ek 2):155-158



Concentration

CrraxMIC or Peak:MIC > T>MIK

AUC:MIC » C max/MIK
> AUC/MIK

C.in:MIC

min*

Time (hours)

Serbest ilag konsantrasyonu

MIK



» Maruz kalma siiresi, yaygin olarak, serbest ilag konsantrasyonunun patojenin
MIK'in lizerinde kaldigi doz araliginin yiizdesi olarak élciiliir (%fT >MIC).

» Maksimum bakterisidal etki, serbest ilag konsantrasyonu, dozlama araliginin
% 40 ila 60'1 igin patojenin MIK'in yaklagik dort kat astiginda elde edilir.

» En yiksek diizeyde bakteriyolojik ve Klinik iyilesme saglamak igin PK-PD
hedefi olarak dozlama araliginin %100'il icin etken bakterilerin MIK'in 4-8
kat1 arasindaki serbest plazma konsantrasyonu

*MacVane SH, Kuti JL, Nicolau DP. Prolonging p-lactam infusion: a review of the rationale and
evidence, and guidance for implementation. Int J Antimicrob Agents 2014; 43:105.
*Guilhaumou et al. Critical Care (2019) 23:104



Antibiyotiklerin viicutta zaman icinde
degisen konsantrasyonu

Tepe (C.__)

Konsantrasyon (ug/mL)

Kararsiz donem Kararli donem
f * Zaman ﬁ ﬁ
Doz Doz Doz Doz

Sekil 1. Antibiyotiklerin viicutta degisen konsantrasyonu.

Glir D. ANKEM Derg 2010;24(Ek 2):155-158



» Glnlik 12g piperasilin dozu igin simile edilmis plazma konsantrasyonlar

€1 12g/24h Bolus 4g/30 min + CI IA 4g x3/24h
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Guilhaumou et al. Critical Care (2019) 23:104



> Surekli veya uzamig antibiyotik inflizyonlarinin etkinligini degerlendiren
calismalar genellikle zamana bagl antibiyotikleri igerir.

» Zamana bagli antibiyotiklerin daha kisa bir yari 6mre sahip olmasi

hedeniyle ilag serum konsantrasyonunun bir sonraki planlanmig aralikli
inflizyondan once MIK altina disecegi endisesi ortaya ¢ikmistir.

Moehring R at all. Prolonged infusions of beta-lactan antibiotics UpToDate 2023



Tablo 1. Antibiyotiklerin etki sekillerine gore gruplandirimi™.

Zamana bagh etki Konsantrasyona bagl etki
gosterenler gosterenler
Beta-laktamlar Aminoglikozidler
Makrolidler Florokinolonlar
Klindamisin Ketolidler

Glikopeptidler Metronidazol
Oksazolidinonlar

Glisilsiklinler

> Beta-laktam antibiyotikler; Uzun sireli bir inflizyon uygulama stratejisi,
6zellikle patojenler daha yiksek MIK gosterdiginde mikrobiyolojik ve klinik
iyilesmeyi artirabilir.

Moehring R at all. Prolonged infusions of beta-lactan antibiotics UpToDate 2023



DALI: Defining Antibiotic Levels in Intensive
Care Unit Patients: Are Current B-Lactam
Antibiotic Doses Sufficient for Critically Ill
Patients?

Jason A. Roberts,"” Sanjoy K. Paul,** Murat Akova,’ Matteo Bassetti,’ Jan J. De Waele,” George Dimopoulos,®
Kirsi-Maija Kaukonen,” Despoina Koulenti,'® Claude Martin,"" Philippe Montravers,” Jordi Rello,”
Andrew Rhodes," Therese Starr? Steven C. Wallis,' and Jeffrey Lipman' for the DALI Study®

"Burns Trauma and Critical Care Research Centre, University of Queensland, “Royal Brisbane and Women's Hospital, *Clinical Trials and Biostatistics Unit,
QIMR Berghofer Medical Research Institute, and *Queensland Clinical Trials and Biostatistics Centre, School of Population Health, University of
Queensland, Brisbane, Australia; *School of Medicine, Hacettepe University, Ankara, Turkey; SAzienda Ospedaliera Universitaria Santa Maria della
Misericordia, Udine, Italy; "Ghent University Hospital, Ghent, Belgium; ®Attikon University Hospital, Athens, Greece; *Helsinki University Central Hospital,
Helsinki, Finland; "Hospital Nord, Marseille, ' AzuRea Group, and '“Centre Hospitalier Universitaire Bichat-Claude Bernard, AP-HP, Université Paris VII,
France; "*CIBERES, Vall d'Hebron Institut of Research, Universitat Autonoma de Barcelona, Spain; and *St George's Healthcare NHS Trust and St George's
University of London, United Kingdom

(See the Editorial Commentary by Craig on pages 1084-5.)

Background. Morbidity and mortality for critically ill patients with infections remains a global healthcare prob-
lem. We aimed to determine whether B-lactam antibiotic dosing in critically ill patients achieves concentrations as-
sociated with maximal activity and whether antibiotic concentrations affect patient outcome.

Methods. This was a prospective, multinational pharmacokinetic point-prevalence study including 8 p-lactam
antibiotics. Two blood samples were taken from each patient during a single dosing interval. The primary pharma-
cokinetic/pharmacodynamic targets were free antibiotic concentrations above the minimum inhibitory concentra-
tion (MIC) of the pathogen at both 50% (50% f T.nc) and 100% (100% f T-aic) of the dosing interval. We used

»Prospektif, cok uluslu, farmakokinetik
nokta prevalans ¢alismasi

»248 hasta ,%33 uzun infiizyon

»Calisma popilasyonunda hastalik klinik
tablosu agir hastalar dahil edilmis
(ortanca APACHE IT skoru 18).
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Uzun infiizyon tedavisi alan hastalarin farmakodinamik
hedefe ulasma olasiligi daha yiiksek saptanmis (% 93'iine
karsi %80).



»Hastalardan alinan plazmada d6lgllen amoksisilin, ampisilin, sefazolin,
sefepim, seftriakson, doripenem, meropenem ve  piperasilin
konsantrasyonlarinda, bir hastadan digerine 100 kat degisebilen
konsantrasyonlarla, onemli 6lglide degiskenlik gozlenmistir.

»Bu ¢alisma ayni zamanda bu degiskenligin klinik yanit lGizerindeki etkisini de
bildirmis, dusik plazma beta-laktam konsantrasyonu, pozitif klinik sonug
olasiliginin azalmastyla iliskilendirilmistir.

Roberts JA, Paul SK, Akova M, Bassetti M, De Waele JJ, Dimopoulos G, et al.
DALI: defining antibiotic levels in intensive care unit patients: are current p-
lactam antibiotic doses sufficient for critically ill patients? Clin Infect Dis.
2014;58:1072-83.



Eur J Clin Microbiol Infect Dis (2017) 36:459-466
DOI 10.1007/510096-016-2819-1
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Table 4 Calculated pharmacodynamic results for both groups

ORIGINAL ARTICLE
Parameters Piperacillin  Extended Intermittent
MIC (mg/L) infusion infusion
Clml.cz}l out?omes o.f extequd versus intermittent GTSMIC (mean£S.D) 4 — _—_—
admmls.tratlon o.f plperacﬂhn/?azobactam f9r the treatment . g 08734231 53204823
of hospital-acquired pneumonia: a randomized controlled trial 16 93.04+651 42.15+556
,;,y - N/ ~ = X - y 2 + § S ; - + £ l‘
H.Bao'? - Y. Lv>*. D. Wang®* - J. Xue'? - Z. Yan'? TofT>4xMIC (mean+S.D.) 4 94.29+8.26 40.31+4.18
8 87.02+9.70 36.35+6.48
16 73.65+6.29 29.73+42]
N . .o o
> Cin > Uzun infiizyon kolunda %fT>MIC

> Saglik bakim iligkili pnémoni
> 25 hasta 30 dak infiizyon, 25 hasta 3 saatlik
inflizyon 4x4.5 gr TZP

yaklasik %100, 7%98.73 ve %93.04

> Aralikli inflizyon kolunda sirasiyla
7%81.48, /53.29 ve %42.15



Avantaj-dezavatajlar: nelerdir?

Avantajlar

1-Klinik yarar
2-Farmakodinamigi
degisik hasta
gruplarinda etkinlik
3-Direncli suglarinin
segiliminin azaltiimasi
4-Maliyet etkinligi

Dezavantajlari

1-Logistik engeller
2-Uyum
3-Stabilite

*Falagas ME, at all. Clinical outcomes with extended or continuous versus short-term intravenous
infusion of carbapenems and piperacillin/tazobactam: a systematic review and meta-analysis. Clin
Infect Dis 2013;56:272

*Teo Jat all. Prolonged infusion versus intermittent boluses of p- lactam antibiotics for
treatment of acute infections: a meta-analysis. Int J Antimicrob Agents 2014; 43:403



Giivenlik

»Uzun sireli inflzyonlar, aralikli dozlamaya gére daha yiiksek serum ve
doku ilag konsantrasyonlari saglar ve bu da ilag toksisitesi hakkinda
endiselere yol agabilir.

> Beta-laktam ilaglari genel olarak iyi tolere edilir ve uzun siireli infiizyon
stratejileri, aralikli dozlamadan daha fazla toksisite riskine sahip
gorinmemektedir.

» Mevcut veriler, uzun sireli inflizyon stratejileri ile advers olaylar
hakkinda sinirl bilgi saglar. Advers olaylari inceleyen ¢alismalarda, uzun
sureli ve aralikli inflizyon stratejileri arasinda advers reaksiyonlarin
insidansinda onemli bir fark gorilmemistir.

*Falagas ME, et al. Clinical outcomes with extended or continuous versus short-term intravenous infusion of
carbapenems and piperacillin/tazobactam: a systematic review and meta-analysis. Clin Infect Dis 2013;
56:272.

*Teo J, et al. Prolonged infusion versus intermittent boluses of p- lactam antibiotics for treatment of acute
infections: a meta-analysis. Int J Antimicrob Agents 2014; 43:40

*Cotner SE, et al. Influence of p-Lactam Infusion Strategy on Acute Kidney Injury. Antimicrob
Agents Chemother 2017; 61



Direngli suslarinin segiliminin
azaltilmasi

»Uzun inflizyonlar, antibiyotigin serum ve
doku seviyeleri MIK'in altinda daha kisa
sureler saglar.

»Boylece, dozlar arasinda daha az bakteri
iremesi meydana gelir ve daha hizl
bakteri eradikasyonu gergeklesir.

>»Hizli  bakteri  oldirme, azaltilmis
organizma yiki ve alt MIK antibiyotik
konsantrasyonlarinin varhginda azaltilmig
sure, patojenlerin yeni genetik veya
kromozomal direng genlerini (6rnegin,
AmpC  beta-laktamazlar)  firsatlarinin
azalmasina neden olabilir.
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Maliyet

»Uzun sureli inflizyon stratejilerinin ekonomik yararlari, birkag, tek
merkezli, gozlemsel ¢alismada belirtilmistir.

»Bir ¢alisma, 650 yatakli bir hastanede kullanilan uzun streli piperasilin-
tazobaktam infuzyonunun, yillik satin alma maliyetlerini yilda yaklasik
68.750 ila 137.500 ABD dolari arasinda azaltabilecegini tahmin etmistir.

»Sanford USD Tip Merkezi'nde yiritilen bir baska c¢alismada
piperasilin-tazobaktami 30 dakikalik standart infiizyon yerine 4 saatlik
UL seklinde uygulayinca 24 aylk sirede tasarruf saglamistir.
(387,980,62 $) Ayrica bu uygulama ile hastane yatis siiresi 0.6 giin
azaltarak ek maliyet tasarrufu saglamistir. (1,689,48%)

*Buck C, Bertram N, Ackermann T, et al. Pharmacokinetics of piperacillin-tazobactam: intermittent dosing versus continuous infusion. Int J Antimicrob Agents 2005; 25:62.
*Florea NR, Kotapati S, Kuti JL, et al. Cost analysis of continuous versus intermittent infusion of piperacillin-tazobactam: a time-motion study. Am J Health Syst Pharm 2003; 60:2321.
* Nicasio AM, Eagye KJ, Nicolau DP, et al. Pharmacodynamic-based clinical pathway for empiric antibiotic choice in patients with ventilator-associated pneumonia. J Crit Care 2010; 25:69



Lojistik engeller

»Intravensz pompanin daha uzun siire kullanilmasini gerektirir. Kateterle
iligkili enfeksiyon riskleri ve diger potansiyel komplikasyonlar artabilir.

»Hastalarin, infliizyonda kesintilere ve ila¢ dagiliminin bozulmasina yol
agabilecek prosediirler igin lniteyi terk etmeleri gerekebilir.

Moehring R at all. Prolonged infusions of beta-lactan antibiotics
UpToDate 2023



Uyumluluk

»Uzun sireli beta-laktam infiizyonu igin kullanilan ayni intravensz yoldan
diger intravendz ilaglarin uygulanmasi, uyumluluk sorunlari nedeniyle zor
olabilir.

»Klinik eczacilar, ilag planlamasi ve uyumluluk

»Uyumluluk piperasilin-tazobaktam ve vankomisin birlikte uygulanmasinda
yaygin bir uyumluluk sorunu ortaya ¢ikar .

*** Lexicomp.com

*Leung E, Venkatesan N, Ly SC, Scheetz MH. Physical compatibility of vancomycin and piperacillin sodium-
tazobactam at concentrations typically used during prolonged infusions. Am J Health Syst Pharm 2013;
70:1163.

*O'Donnell IN, Venkatesan N, Manek M, et al. Visual and absorbance analyses of admixtures containing
vancomycin and piperacillin-tazobactam at commonly used concentrations. Am J Health Syst Pharm 2016;
73:241


https://www.uptodate.com/contents/piperacillin-and-tazobactam-drug-information?search=long++time+infisiun+meropenem&topicRef=97446&source=see_link
https://www.uptodate.com/contents/vancomycin-drug-information?search=long++time+infisiun+meropenem&topicRef=97446&source=see_link

Stabilite

»>Ilaglar uzun bir siire boyunca uygulaniyorsa, bu siire boyunca stabil

kalmalidir ve bu nedenle tim ilaglar uzun sireli inflizyonlar igin uygun
degildir.

»Beta-laktamlarin stabilitesi, ilact sulandirmak igin kullanilan intravensz

sivinin tiridnden, nihai ¢ézeltinin konsantrasyonundan ve saklama sicakligindan
etkilenebilir.

*Patel PR, Cook SE. Stability of meropenem in intravenous solutions. Am J Health Syst
Pharm 1997; 54:412.

*Venugopalan V, Manigaba K, Borgert SJ, et al. Training a Drug o Do New Tricks:
Insights on Stability of Meropenem Administered as a Continuous Infusion. Microbiol
Insights 2018; 11:1178636118804549.

* Meropenem. In: ASHP's Extended Stability for Parenteral Drugs, 6th, Caryn Dellamort
e Bing and Anna Nowobilski-Vasilios (Ed), 2017.

*Williams DN, Raymond JL. Community-based parenteral anti-infective therapy (CoPAT).
Pharmacokinetic and monitoring issues. Clin Pharmacokinet 1998; 35:65



Table 1

Room temperature and refrigerator stability of commonly used beta-lactam antibiotics

Room Temperature Refrigerated (d)

Antibiotic Concentration 4°C-5°
Ampicillin <30 mg/mL 8 3
Cefepime <280 mg/mL 24 7
Ceftazidime 20 mg/mL 24 7
Ceftriaxone 100 mg/mL 12 10
Doripenem 20 mg/mL 24 10
Imipenem 5 mg/mL 4 N 1
Meropenem 20 mg/mL 4 1
Nafcillin 40 mg/mL 24 4
Oxacillin 100 mg/mL 24 3
Penicillin G 500,000 units/mL 24 7
Piperacillin-tazobactam 20 mg/mL 7

Crit Care Clin 2011; 27: 77-93
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Stability of antimicrobial agents in an elastomeric infusion pump i
used for outpatient parenteral antimicrobial therapy @~ &

Mutsumi Akahane®, Yuki Enoki*", Reika Saiki®, Yukitaka Hayashi®, Kana Hiraoka®,
Kyoka Honma*®, Marina Itagaki®, Mai Gotoda®, Kozue Shinoda®, Satomi Hanyu®,
Yuna Hamamura®, Taichi Miyajima#, Chihiro Ito*, Kazuaki Taguchi®, Shunsuke Uno”,
Yoshifumi Uwamino®, Osamu Iketani”, Naoki Hasegawa”, Kazuaki Matsumoto®

» Amag: Ayaktan parenteral antimikrobiyal olusturulmasi ve yayginlastiriimasi
igin inflizyon solisyonunda ¢o6zinen antimikrobiyallerin uzun sireli

stabilitesi gereklidir. Bu ¢alismada,

inflizyon solisyonlarinda ¢dzinen

antimikrobiyal ajanlarin stabilitesini degerlendirilmis.

> Yontemler: Antimikrobiyal ajanlar infilizyon solisyonlarinda eritilmis ve
polipropilen tiip veya elastomerik infiizyon pompasinda 25 °C ve 31.1 °C'de
24 saat veya 4 °C'de 10 giin tutulmus. Stabilite, yiiksek performansl sivi

kromatografisi ile olgulmds.



M. Akahane, Y. Enoki, R. Saiki et al /International Journal of Infectious Diseases 103 (2021) 464468 A C EZ B C MZ
- 110 = 110
A Saline B 5% dextrose < 05 = 105
— _— (o] o i
g & 100 = 1009 = = = 100
e S ol | ! £ o5 b—s 4
© B S T == B
3 T 60 D B S e R SEES
S S 2 a5 @
2 2 0 &: g 85
4 4 80 80
NDy—% 1 B 20 No—% 10 5 20 2 0 S 0 1 20 3 0 5 1 15 20 25
Time (hr) Time (hr) Time (hr) Time (hr)
C Dextrose-electrolyte D Dextrose-electrolyte
i i with potassium
= without potassium S0 p C PIPC D TAZ
= e ~115 ~115
2 80 2 = 110 | < 110
T = 2 105 | = — 2105
B b ® 100 € 100
§ 3 =] Y 3
o5 10 B 2 5 Vg5 10 B 20 2 e e O R
Time (hr) Time (hr) & 85 &’ 85
80
" Oo—= 0 B 2 2 0 5 10 15 20 2
= Acetate ringer Time (hr) Time (hr)
&
; —e— DRPM (25°C)
"8 —e— DRPM (31.1°C)
—
_ —=— MEPM (25°C
5 (%) —o— Saline solution (25°C)
k=] - MEPM (31.1°C) ) -
2 —e— Saline solution (31.1°C)
o E
20, 5 0 5 5 5 -8— 5% dextrose solution (25°C)
Time (hr) -a— 5% dextrose solution (31.1°C)
Figure 2. The stability of DRPM and MEPM at 25 °C and 31.1 °C. DRPM and MEPM were dissolved in each infusion solution and was kept at 25°Cor 31.1 °C for 24 h. The residual Figure 1. The stability of CEZ, CMZ, PIPC, and TAZ at 25 °C and 31.1 °C. CEZ, CMZ, PIPC, and TAZ were dissolved in saline solution and 5% dextrose solution, and were kept at 25
ratios of DRPM and MEPM at 25 °C and 31.1 °C were determined by HPLC.(A) saline, (B) 5% ion, (C) d lectrolyte solution without potassium chloride, (D)
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dextrose-electrolyte solution with potassium chloride, and (E) acetate ringer solution. Dash line indicates 90% of residual ratio. Data are expressed as mean £ S.D (n = 3). n(l:c::f:.ls [E ::JII‘.Z;]h. The residual ratio of (A) CEZ. (B) CMZ. (C) PIPC., and (D) TAZ were determined by HPLC. Dash line indicates 90% of residual ratio. Data are expressed as

» CEZ, CMZ ve PIP/TAZ salin veya %5 dekstroz sollisyonunda ¢éziinmis halde siirekli infiizyon
pompalari ile APAT ta kullanilabilir.
> Doripenem ve meropenem 31.1 °C'de higbir infiizyon soliisyonunda stabil degildir.
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Asi Oylama Antibiotik bir
Uygulamasi Uygulamasi

- CrCl 30-49: 1g, 3 saatlik IV infGzyonla 8 saatte
bir

-- Seciniz -- AV

- CrCl1 10-29: 1g. 3 saatlik IV infUzyonla 12 saatte
bir




Jontinuous, Prolonged Infusion Dosing
ootents } |

Doripenem

Minimum
Stability

Recommended
Dose by

Comments

Meropenem

Minimum
Stability

Recommendaed
Dose by

Comments

@& 37°C: 8 hr {in NS)
@ 25°C: 24 hr {in NS)
@ 4°C- 24 hr (in NS)

u if CrCl = 50: S00 myg {over 4 hr) gBh
u i CrCl 30-49: 250 mg (over 4 hr) g8h
= i CrCl 10-29: 250 myg (over 4 hr) g12h

Based on a single study (Crit Caro Mod 361089, 2006),

@ 37°C: <4 hr
@ 25°C:- 4 hr
@ 4°C: 24 twr

o i CrCl = 50: 2 gm (over 3 ) g8h
= i CrCl 30-49: 1 gm {over 3 hr) q8h
=i CrCl 10-29: 1 gm {over 3 hr} Q12h

Initial 1 gm dose reasonabtie but not used by most iInvestgators (Intensive Care Moo

37632 2011)

Piperacillin-Tazobactam

Minimum
Stability

Recommended
Dose by

Comments

@ 37°C: 24 hr
@ 25°C: 24 hr
@ 4°C: ND

Initial dose: 4.5 gm over 30 min. then 4 hrs later start

® M CrCl = 20: 3.375 gm (over 4 hr) gBh
u i CrCl < 20: 3.375 gm {over 4 br) g12h

Reasonable to begen first infusion 4 hrs after initial dose (Chn infect Dis 44 357, 2007
2010). In obese patients {>120 kg) with normal
renal function, 1 may be necessary to increase the dose to 6.75, or even 9 gm over 4 hrs
q8h to achiove adequate Tazobactam levels: Int | Antimicrob Agants 4152, 2013,

Antirmicraby Agents Chomother 54:460

Continuous, Prolonged Infusion Dosing

ntents )

Comments

Temocillin

Minimum
Stability

Recommended

Continuous

Comments

Vancomycin

Minimum
Stability

Recommended
Dose by
Continuous
Infusion

Reazonable to begin first infusion 4 hrs after initial dose (Chin nfect Dis 44357, 2007
Antrmicroh Agents Chemother 54460, 2010). In obese patients (>120 kg) with normal
renal function, t may be necessary to increase the dose to 6.75, or even 2 gm over 4 hrs
G8h to achieve adequate Tazobactam levels: Int | Antimecrol Agents 41 52 2013,

@ 37°C: 24 hr
@ 25°C 24 hr
These apply to Temocillin 4 gm/48 mi dilution (] Antimicrob Chemother 61 383 7008

initial dose: 2 gm over 30 min, then immediatoly bogin:

= if CrCl >50: 6 gm [over 24 hr) daily

= if CrCl 31-50; 2 gm {over 24 hr) dady
= if CrCl 10-30: 1.5 gm {over 24 hr) daily
= If CrCl <10: 750 mg (aver 24 hr) daily
= CVVH: 750 mg [over 24 hr) daity

Offers higher probability of reaching desired PK/PD target than conventional g2h dosing.
This study not designed to assess clinical efficacy ) Antimicrob Chemaother 70:891

@ 37°C- 48 hr
@ 25°C: 48 hr
@ 4°C: 58 days (at conc 10 pgimlL)

Initial dose 15-20 mgikg (rate 10-15 mgimin), then 30-40 maikg (max 60 mafkg) over 24
hours daily

= Adjust dose to target steady-state concentration of 20-25 pgiml. Higher
concemrations (30-40 pginl) achieved with more aggressive dosing increase the
risk of nephrotoxacity (Chin Micro Inf 19E98. 2013}

= Calcuiate AUC 34 by multiplying the steady-state concentration by 24, A
cancentration of 20-25 pgfml equates to an AUC, 4 of 480-600 ugimil x hr.

= Vancomydin administration by continuous infusson is gaining acceptance asz o
reatment option. Target concentrations are more rapidly achieved with less
wvariability, and the risk of nephrotoxicity appears to be similar to or lower than
ntermittent infusion (Ao ) Heaith Syst Pharm 2020.77.835).

= Because of incompatibilities with other drugs used in critically il patients. it will be
necessary to use multiple 1V lines when vancomycin is administered by continuous
nfusion




Surviving Sepsis Campaign: International

Guidelines for Management of Sepsis and
Septic Shock 2021

Recommendation

25. For adults with sepsis or septic shock, we suggest
using prolonged infusion of beta-lactams for mainte-
nance (after an initial bolus) over conventional bolus
infusion.

Weak recommendation, moderate quality of evidence)

TABLE 3.

Kilavuzlar ne diyor?

Guidance for PK/PD-Based Dosing for Specific Drug Classes

Drug or
Drug Class

Antibacterials
Aminoglycosides

Beta-lactams

Colistin
Daptomycin
Fluoroquinolones
Vancomycin
Antifungals
Fluconazole
Posaconazole

Voriconazole

PK/PD Index Associated Drug
With Bacterial Killing Concentration Considerations for
or Efficacy Target Optimized Dosing®
AUC_,/MIC; C__/MIC AUC 70—100 Use extended interval dosing with
C,../MIC8—10 patient weight and kidney function
e C_.>MiC Use prolonged infusions, consider
patient weight and kidney function
AUC_, /MIC Unspecified Use patient weight and kidney function

AUC,,/MIC; C__/MIC
AUC,,./MIC; C__/MIC

AUC,,/MIC>200 Use patient weight and kidney function
AUC,, /MIC 80—125 Use kidney function

AUC,_, /MIC AUC,_, /MIC 400 Use patient weight and kidney function
AUC_, /MIC AUC_,,/MIC 100 Use patient weight and kidney function
AUC_, /MIC C,_ 1—4mg/L Use formulation-specific dose

AUC_, /MIC C,. 2-6mg/L Use patient weight

Reference
Number

237

253

259
237
237
260

261
261
261




Last updated March 7, 2022, and posted online at https://www.idsociety.org/practice-guideline/amr-
guidance/. Please check website for most updated version of this guidance.

Last updated March 7, 2022, and posted online at https://www.idsociety.org/practice-guideline/amr-
guidance/. Please check website for most updated version of this guidance.

Question 1: What are preferred antibiotics for the treatment of infections caused by MDR P.

aeruginosa?

Recommendation: When P. aeruginosa isolates test susceptible to traditional non-carbapenem
B-lactam agents (i.e., piperacillin-tazobactam, ceftazidime, cefepime, aztreonam), they are
preferred over carbapenem therapy. For infections caused by P. aeruginosa isolates not
susceptible to any carbapenem agents but susceptible to traditional B-lactams, the
administration of a traditional agent as high-dose extended-infusion therapy is suggested, after
antibiotic susceptibility testing results are confirmed. For patients with moderate to severe

disease or poor source control with P. aeruginosa isolates resistant to carbapenems but

HiTIVpCIlITilITvavuvil vaviaiig, minpciiciiirviigoataiiimicicvaLialll, aiiv LoiivucivLul ar© giov picici i

treatment options for pyelonephritis and cUTIs caused by CRE resistant to both ertapenem a

mernnenem
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Prolonged Intermittent

~Study or Subgroup __Events Total Events Total Weight M-H, Flxed. 85% Cl

Abdul-Aziz 2015 18 70 26 70
Abdul-Aziz 20150 12 68 27 87
Adembri 2008 2 8 2 8
Angus 2000 3 10 9 1"
Buijk 2002 3 12 2 6
Chytra 2012 14106 17 108
Cotrina-Lugque 2015 0 4 1 38
De Jongh 2008 0 L] 0 6
Dow 2011 8 67 1" 54
Duthunty 2013 3 30 6 30
Duthunty 2015 54 210 60 218
Fahimi 2012 17 i 20 30
Feld 1977 8 B8 6 L1
Goorges 2005 3 % 3 4
Grant 2002 0 a7 5 51
Hughes 2009 6 78 3 29
Lagast 1883 5 20 4 %
Lau 2006 1 130 3 3
Lodise 2007 2 102 21 @
Lotants 2009 8 37 14 46
Patel 2009 - 70 5 50
Rafati 2006 § 20 6 20
Roberts 2007 3 0 8
Robects 20090 2 5 0 5
Roberts 2009¢ 0 6 0 7
Roberts 2010 0 8 0 8
Sakka 2007 1 10 2 10
Wang 2009 1 15 6 15
Wright 1879 § 22 K] 13
Wysock 1995 5 13 6 13
Wysocki 2001 21 61 19 58
Zhao 2017 7 25 8 25
Total (95% Cl) 1436 1383
Total avents 228 205

Heterogeneity. Chi* = 2158, of = 26 (P = 0.80), I' = 0%
Test for overall effect: Z = 3.43 (P = 0.0008)

8.8%
7.3%
0.7%
29%
0.9%
57%
0.5%

41%
20%
20.0%
6.9%
21%
1.1%
18%
1.5%
12%
1.0%
7.5%
42%

20%
0.2%
0.2%

0.7%
20%
1.3%
20%
66%
27%

100.0%

Risk Ratio

069042, 1,14
067 0.37,1.21)
1.00 [0.18, 5.46)
0.370.14,0.98]
0.750.17, 3.35)
0.84 (044, 1.61)
0.32(0.01, 7.55)
Not estimable
0.50{0.25, 1.35)
0.5010.14,182)
0.93 [0.68. 1.28]
0.82 [0.55, 1.24)
121045, 327
0921021, 4.14)
0.100.01, 1.73]
0.74 (0.20, 2.78)
1.56 |0.48, 5.06)
034004, 321)
0.39 (0.19, 0.80]
0.71]0.33,1.51)
0.6710.19, 2.40)
0.83 (0.30, 2.29)
6.77{0.37, 125.32)
5.00 [0.30, 83.69]
Not estimable
Not estimable
0501005, 467)
0.17{0.02, 1.22]
0.940.27,3.32)
083(0.34, 2.08)
1.05(0.83,1.74)
0.88 {0.37, 2.05)

0.77 [0.86, 0.89]

M-, Elxgd, 95% Cl
—}

L

-
-
-

JM || ‘In

S
>—
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Favours [prolonged] Favours [intermitient]

» Toplam 32 ¢alisma, sonu¢ olarak fim nedenlere
bagh olimleri bildirmistir.

»Uzun sireli infizyon koluna kayith 1436 hasta
arasinda 228 , aralikli inflizyon kolundaki 1383
hasta arasinda 295 6lim saptanmigtir.

» Uzun siireli inflizyonda istatistiksel olarak anlamli
bir mortalite avantaji oldugunu gostermistir.



Prolonged  Intermittent ek Ratio fesk Ratio

Ul ¢

AbaikAzic 2015 oMM 2 1631100, 249)

W
AbaukAztz 20150 4 68 B2 B am 1.08 J0.87, 1.30) T
Adermbn 2000 N | ] [ RLY 100 R8T, 1.7 S——
Bodey 1979 LU 2 W 3N 1151090, 1.47) T
Buck 2005 B u B 12 1IN 1.00 P57, 1 76) o 3
Chytrs 2012 oy 106 $  we 60N 1M 0es 120 r
Colrno-Lugue 2015 8% & 0B 18N 0854054, 135) =
DeJorgh 2000 6 6 ] 6 A% 1001075 1.4) 1
Dubusty 2013 23 % 15 0 194 153102 291) B
Duhusty 2015 111 200 100 218 5ON 1,08 10,88, 1.27) T
Georges 2008 2 ®n "o on 127 QB2 1.0 x
Gt 2002 “ 2 5 B8N 1.14 J0.08 132 "
Hanes 2000 0 10 14 13N 0.82 .49, 1.38) = X
Lagast 154 H 2 n B 008 j082, 1 24) 0

Lau 2008 96 128 14 10 62N 08 a2 1.0 %
Lorente 2000 » & MW 4T I 1.521.18, 1.66) -
Lomin 2007 % 6T IR T I ) WSS 2 gt
Lotasta 2009 B ¥ M 46 M 1.58{1.20. 2.08) b
Lubaech 2003 ¥y oa W40 59N 1,00 {007, 1.44)
Neeolis 2001 % v 15 18 3 113000, 145 T
Roberts 2007 2 2% 2 B AN 1,09 10.82, 1.29) r
Robarts 2006 8 6 ! rIm 1000006 131 y
Robents 2090 B8 8 8 a4 1,00 .80, 1.26) 2 E
vn Zanlen 2007 ¥y 0 4 6N 0921088 142 Y
Vusgrat 2004 2 B I L 11 126 j0ar, 162) ™
Vg 2008 B 1B 15 15 63% 1.00 B8, 193] 1
Zroo 2017 w2 WA N 114072 180) = \om
Tolsd (95% CY 1 121 0.0 LA11.04 1.98) '
Totat eroents e n

Hlercgenedy: Tau' « 001, Civ* « 5508, df « 26 |P « 0.0007). ¥ « 55%

( 0, I 1
Test o overol etlect: Z = 2.23 (P » 0.001) 001 A ! 9 w

Favours Irndermitiond]  Favous (Prolongnd)

»Mortalite sonuglarina benzer sekilde, klinik iyilesmede de RKC olmayanlarda
(RR=1.33, %95 GA 113-157) ve RK€'lerde (RR=1.07, %95 CI 1.01-1.13l)
istatistiksel olarak anlamli bir avantaj tespit edilmistir.



» Galisma kollari arasinda ciddi antibiyotik yan etkileri agisindan istatistiksel olarak
anlamh bir fark gozlenmemistir (Sekil 5; RR= 0.83, %95 CI=0.62-1.13).

Prolonged  Intermittent Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Cotrina-Luque 2015 0 40 0 38 Not estimable
Dulhunty 2013 0 30 0 30 Not estimable
Dulhunty 2015 20 210 28 218 346%  074[043,1.27) L
Feld 1984 2 3 6 40 65%  044[0.10,2.05) .
Lau 2006 25 128 20 130 250%  1.2710.74,217) ™
McNabb 2001 1 17 2 18 24%  053(0.05,5.32 -
Sakka 2007 0 10 0 10 Not estimable
van Zanten 2007 0 47 0 46 Nol estimable
Vuagnat 2004 2 3 9 21 119%  0.20[0.05 083 ——
Wright 1979 5 24 1 13 16% 283(0.37,21.66)
Wysocki 1995 2 13 3 13 38%  0.67[0.13 3.35) Y
Wysocki 2001 10 61 11 58 142%  0.86[0.40,1.886) N
Total (95% Cl) 632 635 100.0%  0.83(0.62, 1.13] *
Total events 67 80 ‘ ‘

Heterogenelty: ChP = 8.66, df = 7 (P = 0.28); I*= 19% ;

001 01 1 0 100
Test for overall eflect. 2 = 1.18 (P = 0.24) Favours [Prolonged] Favours [Intermittent]



»On iki ¢alisma, antibiyotik uygulamasi sirasinda yan etkiler bildirmistir.

Antibiyotikle iliskili advers ilag olaylari genellikle hafif diizeydedir ve higbiri
mortalite ile iliskili degildir.

> Sonu¢ olarak meta-analiz uzamis inflizyonun,dusik yan etki ,disik hastane
mortalitesi ,daha yiksek klinik 1yilesme ile iligkili olabilecegini
gostermektedir .

»Kritik hastaliga sahip, sepsis ve APACHE skoru >15 olan uzamis hastalar
inflizyondan en fazla faydayi gérebilir.
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Beta-Lactam Infusion in Severe Sepsis (BLISS):
a prospective, two-centre, open-labelled
randomised controlled trial of continuous
versus intermittent beta-lactam infusion

in critically ill patients with severe sepsis
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Dosing method

> 2 merkezli, agik etiketli, prospektif randomize kontrollii
> Betalaktam antibiyotiklerin uzun inflizyon ve aralikli bolus dozu
agir hastaligi olan (kritik hasta RRT almayan sepsis)
» Birincil sonug antibiyotik kesildikten 14-30 gin sonra klinik iyilesme

> Ikincil sonuglar PK/PD hedefe ulasma




Table 2 Primary and secondary endpoints by treatment arm in the intention-to-treat population and the subgroups of interest

Primary endpoint Intervention Absolute difference Significance
(n = 70) (95 % CI) (p value)*®
Clinical cure for ITT population, n (%) 39 (56) 22 (—04 to —0.1) 0.011
Clinical cure by antibiotic, n (%)°
Piperacillin/tazobactam 22 (58) 26 (=04 o —0.1) 0.016
Meropenem 14 (67) 29 (—0.5 to 0.1) 0.064
Cefepime 3 (27 23 (—0.3 to 0.7) 1.000
Clinical cure by concomitant antibiotic treatment, n (%)
Yes 14 (42 3(—0.3100.2) 0.802
No 0.001
Clinical cure by site
Lung 0.022
Clinical cure by A. baumannii
Yes 0.052
No 0.655
Secondary endpoints Significance
(p value)*®
PK/PD target attainment, n (%)*
50 % fT-.\nc on day 1 0.194
100 % fT-suc on day 1 ; <0.001
50 % fT-\uc on day 3 49 (93) 5 0.194
100 % fT-.\uc on day 3 36 (68) 4 to —0.1) <0.001
ICU-free days 17 (0-24) 0.378
ICU survivors" 21 (14-24) 0.824
Ventilator-free days 14 (0-24) 0.043
ICU survivors' 21 (0-25) 0.076
14-day survival, n (%) 56 (80) 50 (71) —0.2 to 0.1) 0.237
30-day survival, n (%) 52 (74) 44 (63) 0.3 to 0.1) 0.145
WCC normalisation days 3(2-7) 8 (4-15) <0.001




Eur J Drug Metab Pharmacokinet (X18) 43:155-170 @ CrossMark
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 SYSTEMATIC REVIEW

Continuons Infusion Versus Intenmient Bolus of Beta-Lactams 163
Continuous Infusion Versus Intermittent Bolus of Beta-Lactams
A & atea oiide 5 7 : 4 = i Study Risk Ratio (35% CI)
in Critically Il Patients with Respiratory Infections: A Systematic
. 5 : . Goorges ot al, (2005) 0.923 (0.2006, 4.131) -
Review and I\‘lcla-analysm Rafati ot al (2006} 0.835 (0.305, 2.25%) -
Roberts et al (2007) €.767 (0.36%, 128,325) -
o Sakka et al, (2007) 0.500 [0.054, 1.292) = g
Young R. Lee' - Pamela D. Miller’ - Saced K. Alzghari® - Delilah D. Blanco™ - Rebarts et al (2010) 1.000 (0.022, &5.127) « ey
Jackson D. Hager' - Kailey S. Kuntz' Chytra o al, (2012) 0.912 (0.502, 1.656) -
: Dubunty et al, {2013) 0.500 (0.138, 1.817) —_— & —
Dubunty et al. (2015) 0.815 [0.%576, 1.153) [ ]
Ovarall (1*2=NA , P=0.819) 0.845 (0,644, 1.,108) -:_::r-
» Beta-laktam antibiyotiklerin uzun s

Continuous Intermittent

inflizyonu daha iyi tedavi ile iligkilidir. s

Fig. 7 Forest plot of monality of mtermitient bolus v& contmuous infusion of beta-lactam antibiotics

> Solunum yolu enfeksiyonu olan kritik wom I P iy M |
hastalarda en fazla fayda saptanmis, =2 EEE & 0 BB iR —Sr
sepsisli agir hastalarda faydali oldugu i s W
gorilmistir. o e floe o

Fig. 10 Foarest plot of subgroup analysis of patients with high
monality fisk in the monality meta-analysis of intermitent bolus
versus cominucus infusion of beta-lactam antibiotics

Fig. 8 Forest plot of subgroup analysic of septic patients in the
monality meti-analysis of intermittent bolus versus continuous
infusion of beta-lactam antibiatics
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Laporte-Amargos @1 al. Trials (2020) 21:412

httpe//dolorg/10.1186/513063-02004323-0 Tria 'S
Efficacy of extended infusion of B-lactam ®

antibiotics for the treatment of febrile
neutropenia in haematologic patients:
protocol for a randomised, multicentre,
open-label, superiority clinical trial (BEATLE)

¢ Cratin]12348° 2nS D £ Ca G e a
J. Laporte-Amargos’, C. Gudiol ', M. Arnan”, P. Puerta-Alcalde®, F. Carmona-Torre’, M. Huguet®,
. 13 np PR P A A 7 ] [ Gpups - R o . 10 - 211
A. AlbasanzPuig~, R Parody”’, C. Garcia-Vidal®, J. L dal Pazo’, M. Batlle®, C. Teb&’, R. Rigo-Bonnin , C. Mufoz

A. Padullés'”, F. Tubau'”, & Videla'®, A. Sureda™ and J. Carratalz '~

» BEATLE calismasi faz IV, randomize, cok merkezli, acik etiketli
> Sefepim, piperasilin-tazobaktam ve meropenem.
> Hastalar (1:1) randomize
» Birincil sonug: Klinik yanit 5 giin iginde ates diismesi
> Ikincil sonug: -Bakteri klirensi
-Inflamatuvar marker yaniti
-30 gtinlik mortalite
-PK/PD hedef



Table 2 Participant timeline of the study

Visits E“’i'i:i'tl"y Visit 0 Visit 1 Visit 2 Visit 3 Visit 4 Visit 5* Visit 6
Eligibility screening v 4
Informed consent v
Personal and clinical v
data
Vital signs v v v v v v v
Physical examination v v v v v v v
Blood test v v v v v
PK blood test v v o (1) v o (#)
Blood cultures and v
other cultures
Blood cultures in 7 P o 7 7
case of bacteraemia
Antibiotic therapy v v v 7 7 7
study
Antimicrobial 7 7 7 7 7 P 2
treatment
Other medications v v v v v v
Adverse reactions v v v v v v v

*: From day 5, daily blood cultures will be performed for any patients with bacteraemia until clearance of bacteraemia.
+: Visit 2 [if not possible, to be done at visit 3 or 4].
#: Visit 3 [if not possible, to be done at visit 4 or 5, consecutive to visit 2 samples].

FEN'li hematolojik hastalarda beta-laktam antibiyotiklerin uzun infiizyon uygulanmasi
klinik olarak daha etkilidir.

Yiiksek riskli hastalar igin ginlik rutin uygulama bu sekilde degistirebilir.
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Critical Care

Optimization of thhe treatment with beta- u;:?w
lactam antibiotics in critically in 7777
patients——guidelines from the French

Society of Pharmacology and Therapeutics
(Societe Francaise de Pharmacologie et
Therapeutique SFPT) and the French
Society of Anaesthesia and Intensive Care
Medicine (Societe Francaise dAnesthéesie et
Reanimation—SFAR)
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» Fransiz Eczacilik Tedavi Dernegi ve Fransiz Anestezi Yogun Bakim Tibbi
Dernegi tarafindan bir araya getirilen 18 uzman

» Ocak 2000"den Ocak 2018 e kadar olan donemi kapsayan kapsamli bir literattr
arastirmasi her alan igin iki uzman tarafindan yuritulmdstir.

> Birincil kriterler: Mortalite ve PK-PD hedefine ulagiimas
> ILkincil kriterler: Klinik iyilesme, mikrobiyolojik iyilesme, mekanik ventilasyonsuz
giinler, YBU kalis siiresi ve olumsuz yan etki insidansi



> Kritik hastalarda beta-laktam uygulamasina iligskin en 6nemli mesajlar;

***Bu popilasyondaki PK degiskenlik olusturacak birgok etkenin dikkate
alinmasi (alblimin, kilo, kreatin ...)

*** En yiksek diizeyde bakteriyolojik ve Klinik iyilesme saglamak igin PK-PD
hedefi olarak dozlama araliginin %100 igin etken bakterilerin MIK'in 4-8 kati
arasindaki serbest plazma konsantrasyonu

***Kritik hastalarda, yiiksek MIK'e sahip bakteri varliginda alt solunum yolu
enfeksiyonu ve sepsis durumunda Klinik iyilesme basarisini artirmak igin siirekli
veya uzun siireli beta-laktam antibiyotik uygulamasinin kullaniimasi

*** PK-PD hedef basarisini iyilestirmek igin teropatik doz takibi kullaniimasi



Sonug olarak;

» Uzun inflizyon betalaktam antibiyotiklerin kullanim stratejilerini destekleyen
ylksek kaliteli, randomize kontrolli ¢alismalar mevcut olmasa da, bu uygulama
farmakodinamik ilkelere ve gozlemsel galismalardan elde edilen klinik kanitlara
dayanmaktadir.

» Klinik veriler, bu uygulamanin en azindan kritik hastalik gibi belirli durumlarda
gram negatif enfeksiyonlar igin geleneksel aralikli infliizyonlardan daha etkili
oldugunu géstermektedir.

» Ek olarak bu uygulama, ilag¢ direncinin ortaya g¢ikmasinin azalmasina iligkin
teorik bir fayda ve ekonomik faydalarla desteklenmektedir.

Moehring R at all. Prolonged infusions of beta-lactan antibiotics
UpToDate 2023
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