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Néhany statisztikai adat

* 1 betegnap koltsége az ITO-n: 4300 USD (USA, 2010); 4200-4400 AUD 1USD = 341.06 HUF
(Ausztralia, 2014); 1168-2025 EUR (EU, 2006-2007) 1 AUD = 227’ 44 HUF
* A gyodgyszerkoltség a teljes napi koltség 40-50%-at, a laborkoltség a 1 EUR = 369:89 HUF
teljes napi koltség 10-15%-at teszi ki
1. sz. dbra A Top 10 gyodgyszerek eloszlasa csoportokra bontva
Magyarorszagon

e 88 orszag 1150 centrumaban végzett felmérés:
* Az ITO-n kezelt betegek korében a gyanitott vagy igazolt

infekcid prevalencidja kb. 50%, ennek kb. 40%-a nozokomialis B Antibiotikum
eredetd B Infuizio
* A betegek kb. 70%-a kap legalabb egyféle antibiotikumot, OEgyéb
OSzedacio

leggyakrabban béta-laktamot

W Sziv-érrendszer

O Gomba ellenes

B Alvadasgatlo

https://www.sccm.org/Communications/Critical-Care-Statistics
Hicks P et al. Med J Aust 2019;211:324-325.
Tan SS et al. Value Health 2012;15:81-86.
Vincent JL et al. JAMA 2020;323:1478-1487
Csomds A: Koltségelemzés az intenziv osztalyon. Egyetemi doktori (PhD) értekezés (2008)
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Abstract

Intensive care units (ICUs) are an appropriate focus of antibiotic
stewardship program efforts because a large proportion of any
hospital’s use of parenteral antibiotics, especially broad-spectrum,
occurs in the ICU. Given the importance of antibiotic stewardship
for critically ill patients and the importance of critical care
practitioners as the front line for antibiotic stewardship, a workshop
was convened to specifically address barriers to antibiotic
stewardship in the ICU and discuss tactics to overcome these. The
working definition of antibiotic stewardship is “the right drug at the
right time and the right dose for the right bug for the right duration.”
A major emphasis was that antibiotic stewardship should be a core
competency of critical care clinicians. Fear of pathogens that are not
covered by empirical antibiotics is a major driver of excessively
broad-spectrum therapy in critically ill patients. Better diagnostics

and outcome data can address this fear and expand efforts to narrow
or shorten therapy. Greater awareness of the substantial adverse
effects of antibiotics should be emphasized and is an important

counterargument to broad-spectrum therapy in individual low-risk
patients. Optimal antibiotic stewardship should not focus solely on

reducing antibiotic use or ensuring compliance with guidelines.

Instead, it should enhance care both for individual patients (by

improving and individualizing their choice of antibiotic) and for the
ICU population as a whole. Opportunities for antibiotic stewardship
in common ICU infections, including community- and hospital-
acquired pneumonia and sepsis, are discussed. Intensivists can
partner with antibiotic stewardship programs to address barriers
and improve patient care.

Keywords: antibiotic stewardship; antibiotic resistance;
pneumeonia; sepsis

Wunderink RG et al. Ann Am Thorac Soc 2020;17:531-540.



Az antimikrobialis rezisztencia probléma jelent8sége

What is the impact of AMR?

The World Health Organization (WHO) lists AMR among top 10 threats for global health.

Antimicrobial resistance threatens human and animal health and welfare, the environment,
food and nutrition security and safety, economic development, and equity within societies.

According to recent estimates, in

el | 2019, 1.27 million deaths were
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60000 directly attributed to drug-resistant

| infections globally. By 2050, up to 10
Cancer I/ ____Road traffic accident I
10,000,000 AN s " million deaths could occur annually.
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C Third-generation cephalosporin-resistant Escherichia coli
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D carbapenem-resistant Acinetobacter baumannii
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Surviving sepsis campaign

History

Initiated in 2002 at the ESICM's annual meeting with the Barcelona Declaration, the campaign progressed in phases that have expanded the scope
and reach of publication of four editions of evidence-based guidelines, implementation of a performance improvement program, and analysis and
publication of data from more than 30 000 patient charts collected from around the world.

© Phase |: Development of Awareness of Scope of the Problem
© Phase ll: Development and Publication of Guidelines

© Phase lll;: Guideline Implementation, Behavior Change, and Data Collection

L5 oot 16 sors

https://www.sccm.org/SurvivingSepsisCampaign/About-SSC/History



ONLINE SPECIAL ARTICLE Pharmacokinetics and Pharmacodynamics

Surviving Sepsis Campaign: International e b
Guidelines for Management of Sepsis and 26. For adults with sepsis or septic shock, we recommend
Septic Shock 2021 optimizing dosing strategies of antimicrobials based on

accepted pharmacokinetic/pharmacodynamic (PK/PD)
principles and specific drug properties.

Laura Evans’

Andrew Rhodes?

KEY WORDS: adults; evidence-based medicine; guidelines; sepsis; septic

shock Waleed Alhazzani® Best practice statement.
* augmented renal clearance
TABLE 3. ) o
Guidance for PK/PD-Based Dosing for Specific Drug Classes * acute kldney njury
PK/PD Index Associated Drug

D With Bacterial Killi C trati Considerations f Ref

L S S e * renal replacement therapy

Antibacterials e ECMO

Aminoglycosides  AUC, ,/MIC; C__/MIC AUC 70-100 Use extended interval dosing with 237

C__IMIC 8-10 patient weight and kidney function . .
Beta-lactams Mo C_>MIC Use prolonged infusions, consider 253 ° hypo albuminaemia
patient weight and kidney function

Caolistin AUC,_, /MIC Unspecified Use patient weight and kidney function 259

Daptomycin AUC,, /MIC; C__/MIC AUC,,/MIC>200 Use patient weight and kidney function 237 Applying a PK, /PD a pproach to antibiotic dosing requires
Fluorequinolones  AUC_, /MIC; C__/MIC AUC,, /MIC 80—125 Use kidney function 237 ...

Vancomycin AUC, /MIC AUC_,/MIC 400  Use patient weight and kidney function 260 support from knowledgeab/e clinician team members,
Antifungals H H _ o H H

Fluconazole AUC,_ , /MIC AUC_ /MIC 100 Use patient weight and kidney function 261 use Of a patlent popUIatlon SpECI'fIC gL”dEIIne document’
Posaconazole  AUC,, /MIC C_ 1—4mg/L Use formulation-specific dose 261 use of therapeutic drug monitoring, and |/or use of
Voriconazole AUC_, /MIC C . 2-6mg/L Use patient weight 261 d "
‘Other considerations than those listed may have been listed in studies in eritically ill patient subpopulations. os,ng software'

AUC, ,—ratio of area under the concentration-time curve from 0—24 hours; MIC—minimum inhibitory concentration; fT_, _—time over-
dosing interval that free (unbound) drug is maintained above the MIC; C__—maximum concentration in a dosing interval; C__—minimum

concentration in a dosing interval. Evans LE et al. Crit Care Med 2021;49:€1063-e1143

Note: use of therapeutic drug monitoring has been deseribed for all drugs, although it is not widely available for most.



TABLE 1.

Organizations Endorsing the 2021
Surviving Sepsis Guidelines

Society of Critical Care Medicine

European Society of Intensive Care Medicine
American Association of Critical Care Nurses
American College of Chest Physicians
American College of Emergency Physicians
American Thoracic Society

African Sepsis Alliance

Asia and Pacific Sepsis Alliance

Association De Medicina Intensiva Brasileira
Australian and New Zealand Intensive Care Society
Canadian Critical Care Society

Chinese Society of Critical Care Medicine
European Respiratory Society

European Society of Clinical Microbiology and Infectious
Diseases

Indian Society of Critical Care Medicine
Infectious Diseases Society of North America
Japanese Society of Intensive Care Medicine
Latin American Sepsis Institute

Society for Academic Emergency Medicine

Scandinavian Critical Care Trials Group

Dellinger RP et al. Crit Care Med 2023;51:431-444



|dézetek a parenterdlis inflzié formajaban leggyakrabban alkalmazott béta-laktamok Alkalmazasi el6irataibdl (spc)

A hatasossag foként attol fligg, hogy az ampicillin szintje mennyi ideig marad a mikroorganizmus minimalis gatlé koncentracioja (MIC)
felett.

Cefazolin: A cefalosporinoknal az in vivo hatasossaggal 0sszefliggést mutato legfontosabb farmakokinetikai-farmakodinamias
paraméter az adagolasi intervallum azon részének szdzalékos aranya, amely soran a szabad hatéanyag koncentracioja a célfajra
vonatkozd minimalis gatlasi koncentracid (MIC) felett marad (azaz %T>MIC).

Cefepim: A hatasossag leginkabb azon idétartam fiiggvénye, amely alatt a gydgyszerkoncentracid meghaladja a szoban forgd kérokozo

cr s

Ceftazidim: Kimutattak, hogy cefalosporinok esetében az in vivo hatasossaggal 6sszefiiggo legfontosabb farmakokinetikai-
farmakodinamias index az adagolasi intervallum azon szazaléka, melynél a szabad ceftazidim-koncentracié az egyes célpont fajokra
meghatarozott minimalis gatldé koncentracio (MIC) f616tt van (vagyis %T > MIC).

A tobbi béta-laktamhoz hasonléan az in vivo hatasossaggal korrelalo legfontosabb farmakokinetikai-farmakodinamias mutat6 az adagolasi
intervallum azon részének szazalékos aranya, melynek soran a meg nem kotott hatdoanyag koncentracidja meghaladja a ceftriaxon adott

crcrs

A tobbi béta-laktam antibakterialis szerhez hasonldan, az imipenem esetében is az az idétartam mutatja a legszorosabb 0ssze-fiiggést a
hatasossaggal, amely alatt a koncentracid meghaladja a minimalis gatlé koncentraciot (MIC) (T>MIC).

Mas béta-laktam antibakterialis szerekhez hasonléan az az 1d6 korrelél legjobban a hatasossaggal, ameddig a meropenem koncentracigja
meghaladja a MIC-értéket (T>MIC).

A piperacillin hatasossagat meghatarozo f6 farmakodinamias tényezonek a minimalis inhibitor koncentracié felett eltelt idot (T>MIC) tartjak.



A béta-laktamok gyogyszerszint monitorozasa melletti érvek

1. Az ITO-n kezelt betegekben mérhet6 béta-laktam volgykoncentracidk hatalmas egyéni
eltéréseket mutatnak = TDM nélkil a gyégyszerexpozicié nem becsiilhet, és nem
mérhetd

2. Az antibiotikum kezelések racionalizalasa varhatoan csokkenti a szepszissel 6sszefliggd
mortalitast

3. A kialakuléban |évé globalis MDR-krizis elleni fellépés
* A multidrug-rezisztens nozokomialis korokozo6 térzsek aranya dinamikusan né

e Az intenziv terapias osztalyokon a széles spektrumu béta-laktamokkal szemben
rezisztens torzsek el6fordulasi aranya kb. 30%

* Uj antibiotikumok: kevés és koltséges

4. Aracionalis antibiotikum kezelés azonnal alkalmazhatd, minimalis er6forras-igényi
eszkoz az MDR-krizis kialakulasanak lassitasara



A béta-laktamok gyogyszerszint monitorozasanak céljai

* Hatékonysag biztositasa: ,Setting the floor”
 klinikai hatékonysag biztositasa
* mikrobioldgiai hatékonysag biztositasa
* eradikacio
* rezisztens torzs kifejlédésének megakadalyozasa

* Toxicitas elkerulése: ,Setting the ceiling”
* neurotoxicitas
* nefrotoxicitas
* trombocitopénia
e csontveld szupresszio

Barreto EF et al. Crit Care Explor 2021;11:e0446.



Aminoglycoside Fluoroquinolone Beta Lactam
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Figure 2. Example time-kill curves for Pseudomonas aeruginosa with three antibiotics of different
classes at varying concentrations. For beta-lactams, exposure of the bacteria to a concentration

1x the minimum inhibitory concentration (MIC) of the organism is bactericidal. Drug concentrations
greater than 4x the MIC of the organism elicit no additional increase in bacterial killing. For
aminoglycosides and fluoroquinolones increases in drug exposure increases bacterial kill (23).



Megnevezés
ampicillin
cefazolin
cefepim

ceftazidime

ceftriaxone

imipenem

meropenem

piperacillin
sulbactam

tazobactam

Moltomeg (g)
349.4
454.5
480.6

546.6

554.6

299.3

383.5
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233.2
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A betegek béta-laktam expozicio szempontjabadl fontos jellemzdi

Vesem(ikodés

Testsuly

Keringés, kapillarisfalak allapota

Szérum fehérjeszint (cefazolin, ceftriaxon)

Folyadékterhelés

Maj- és epemiikddés (ampicillin, cefepim, ceftriaxon)



REVIEW Open Access

Optimization of the treatment with beta- "
lactam antibiotics in critically ill
patients—quidelines from the French

Society of Pharmacology and Therapeutics
(Société Francaise de Pharmacologie et
Thérapeutique—SFPT) and the French

Society of Anaesthesia and Intensive Care
Medicine (Société Francaise d’Anesthésie et
Réanimation—SFAR)

Romain Guilhaumou’, Sihem Benaboud?, Youssef Bennis®, Claire Dahyot-Fizelier®, Eric Dailly”, Peggy Gandia®
Sylvain Goutelle’, Sandrine Lefeuvre®, Nicolas Mongardon®, Claire Roger'®, Jullen Scala-Bertola™,
Florian Lemaitre'® and Marc Garnier™

Crit Care Med 2019;23:104

R1.1. We suggest considering systematically and daily the many sources of
pharmacokinetic variability when prescribing beta-lactam antibiotics to critical
care patients. (Optional recommendation, strong agreement)

» Volume of distribution: polytrauma vs sepsis, obesity

» Protein binding increases in the obese (fatty acids, al-glycoprotein)
» Elevated renal clearance (obesity)

R2.1. We suggest considering the percentage of the dosing interval during which
the free plasma concentration of beta-lactams is above a multiple
("k") of the minimum inhibitory concentration (MIC) of the causative bacteria (%fT

> kx MIC) as the therapeutic target for treatment with beta-lactam antibiotics.
(Optional recommendation, strong agreement)

R3.1. Pending the result of therapeutic drug monitoring (TDM), we suggest that a
higher daily dose of beta-lactam antibiotics than that administered in patients
outside the ICU should be administered at the onset of treatment, especially in
the most critically ill patients and in those with preserved renal function.

(Optional recommendation, strong agreement)
» Increased volume of distribution and clearance results in lower systemic concentrations
> In sepsis, tissue hypoperfusion leads to extended formation of equilibrium



R4.1. We suggest performing therapeutic drug
monitoring in ICU patients with expected beta-
lactam PK variability and/or in patients with clinical
signs potentially related to beta-lactams toxicity.

R2.2. We suggest targeting a free plasma beta-
lactam concentration between four and eight times
the MIC of the causative bacteria for 100% of the
dosing interval (fT > 4-8 x MIC = 100%) to
maximize bacteriological and clinical response in
critical care patients.

R4.2. We suggest performing therapeutic drug
monitoring (TDM) of beta-lactam antibiotics in crit-
ical care patients undergoing renal replacement
therapy.

R4.5. In case of central nervous system
infection, we suggest performing beta-lactam
TDM, if possible, on blood and cerebrospinal
fluid samples collected concomitantly.

R4.4. We suggest performing beta-lactam TDM 24
to 48 h after the onset of treatment; after any
change in dosage; and in the event of a significant
change in the patient’s clinical condition.

/Rl.:}.l. We suggest measuring albumin (or at least\
plasma proteins) at least once at the onset of
treatment with beta-lactam antibiotics in order to
guide the prescription.

R1.3.2. We suggest measuring albumin (or at least
plasma proteins) when performing beta-lactam

TDM in order to help in interpreting the resuli;/

Guilhaumou R et al. Crit Care Med 2019;23:104



CONFERENCE REPORT AND EXPERT PANEL » Critically ill patients often demonstrate extreme variability in anti-

= microbial PK, which can be partly explained by patient covariates (e.g.

Antimicrobial therapeutic drug monitoring  wa body weight and renal function). Unexplained PK variability can be

observed across patients (i.e. inter-individual variability) and also, within

In Crltlca”y ill adult patlentS: a Position Paper# a patient (i.e. intra-individual PK variability). TDM-based dosing
Mohd H. Abdul-Aziz', Jan-Willem C. Alffenaar’*#, Matteo Bassetti®, Hendrik Bracht®, George Dimopoulos’, adjustment is clinically useful for an antimicrobial if the unexplained
Deborah Marriott?, Michael N. Neely®'°, Jose-Artur Paiva''2, Federico Pea'3, Fredrik Sjovall'#, Jean F. Timsit'>°, inter-individual PK variability exceeds the intra-individual variability.

Andrew A. Udy'”'® Sebastian G. Wicha'?, Markus Zeitlinger?®, Jan J. De Waele?', Jason A. Roberts'?>%?#" on Otherwise, solely applying covariate-based dosing strategies would be
behalf of the Infection Section of European Society of Intensive Care Medicine (ESICM), Pharmacokinetic/ !

pharmacodynamic and Critically Ill Patient Study Groups of European Society of Clinical Microbiology and SUffICIent’ as is the case with Product Information and homogram-

Infectious Diseases (ESCMID), Infectious Diseases Group of International Association of Therapeutic Drug based dosing.
Monitoring and Clinical Toxicology (IATDMCT) and Infections in the ICU and Sepsis Working Group of
International Society of Antimicrobial Chemotherapy (ISAC)

Intensive Care Med 2020;46:1127-1153

» The Panel recommends that TDM be routinely performed when beta-
lactam antibiotics are used in critically ill patients.

» The PK/PD index associated with optimal beta-lactam activity is the
% fT>MIC (40-70%). Critically ill patients data suggest that patients
may benefit from longer (e.g. 100% fT>MIC) [41-43] and higher (e.g. 2-
5 x MIC) [42-44] beta-lactam exposures than those previously
described. Although the beta-lactams generally have a wide therapeu-
tic index, high exposures have been associated with neurotoxicity.
Although myelosuppression is well-known toxicity for the beta-lactams
[45], no toxicity thresholds have been well established to date.

Take-home message:

The Panel Members recormnmend routine TDM to be performed
for aminoghycosides, beta-lactam antibiotics, linezolid, teicoplanin,

: : - : - > An initial loading dose (LD) followed by prolonged beta-lactam infusion
vancomycin and voriconazole in critically ill patients.

(continuous or extended infusion) maximises PK/PD target
attainment and is likely to improve clinical outcomes in critically ill
patients [46].



Table 2 Target trough total (Cmin) or free (fCmin) plasma concentration following intermittent administration and target total (Css)

or free (fCss) steady-state plasma concentration following continuous administration for the main beta-lactam antibiotics

Free Recommended target concentrations MIC threshold* Ref.
gz;?tlon Documented infection Non-documented infection (130]

Amoxicillin =~ 80% fCmin or fCss = 4x MIC Cmin 4080 mg/L® 8 ma/L (ECOFF E. colf) [131]
Cmin or Css < 80 mg/I Css 40-80 mg/I

Cefazolin = 15-20% fCmin or fCss 2 4x MIC Cmin 40-80 mg/l : 2 mg/L (ECOFF S. aureus) [132]
Cmin or Css < 80 mg/L Css 40-80 mg/L

Cefepime 80% fCmin or fCss 2 4x MIC Cmin 5-20 mg/L 1 ma/L (Enterobacteriaceae)®® [21, 72, 73]
Cmin <20 mg/l Css 5-35 mg/I
Css < 35 mag/L

Cefotaxime = 60-80% fCmin or fCss 2 4x MIC Cmin 25-60 mg/L 4 mg/L (ECOFF S. aureus) [133]
Cmin or Css <60 mg/l Css 25-60 mg/I

Ceftazidime = 90% fCmin or fCss 2 4x MIC Cmin 35-80 mg/L” 8 mg/L. (ECOFF P. geruginosa) [77]
Cmin or Css < 80 mg/L Css 35-80 mg/L

Ceftriaxone = 10% fCmin 2 4x MIC Cmin 20-100 mg/L 0.5 mg/L (ECOFF E. cloacae) [129]
Cmin < 100 mg/L

Cloxacillin =10% fCmin or fCss 2 4x MIC Cmin 20-50 mg/L” 0.5 mg/L (ECOFF S. aureus) [131]
Cmin ou Css < 50 mg/L Css 20-50 mg/L

Ertapenem = 10% fCmin ou fCss > 4x MIC Cmin 5-10 mg/L 0.125 mg/L (H. influenzae)®*® [117, 134]
Cmin <10 ma/l

Imipenem = 80% fCmin = 4x MIC Cmin 2.5-5 mg/I 0.5 mg/L (ECOFF E. coli) [135]
Cmin <5 mg/L

Meropenem = 100% fCmin ou fCss 2 4x MIC Cmin 816 mg/L® 2 mg/L (ECOFF F. geruginosa) [136]
Cmin ou Css < 16 mg/| Css 8-16 myg/1

Piperacillin = 80% fCmin ou fCss = 4x MIC Css 80-160 mg/I 16 mg/L (ECOFF P. aeruginosa) [75]

Css < 160 mg/L
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Clearance (L/hr)

A folyamatos vesepotlo kezelesek tipusai

CVVHD

CVVH
Mechanizmusok:
konvekcio, diffuzio, adszorpcio
CVVHDF Mindharom mechanizmus szerepet

jatszik a béta-laktam clearance
alakulasaban!
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1000
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Osszeflggés a CRRT intenzitdsa és a becsult fT>4xMIC értékek kozott
(cefepime, ceftazidime, meropenem, piperacillin/tazobactam)

80+ Beumier M et al. Crit Care 2014;18:R105.
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Figure 5 The time (T) above four times the target (t) minimal inhibitory concentration (MIC) (T > x of Pseudomonas aeruginosa was
lower in patients with higher continuous renal replacement therapy (CRRT) intensity (<25 mL/kg.h=9.3 (ranges= 1.8 to 59.4) h; 25 to
30 mL/kg.h =8.7 (4.1 to 19.8) h; 31 to 45 mL/kg.h =6.2 (0 to 16.2) h; >45 mL/kg.h=6.9 (0 to 12.9) h; P=0.01).
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Béta-laktamok mellékhatasai
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Table 1 Convulsing activity of beta-lactams compared to penicillin G, from [67, 69, 70]

Beta-lactam Relative pro-convulsive activity (reference: penicillin G = 100)
Cefazolin 204
Cefepime 160
Penicillin G 100
Imipenem 71
Aztreonam 42
Ampicillin 21
Ceftazidime 17
Meropenem 16
Ceftriaxone 12
Piperacillin 11
Cefotaxime 88
Cefoxitine 1,8




Table 2 Cefepime characteristics

Characteristic Value
Cefepime dosing

Median dose over 24 hours (IQR), g 35 (2-59)

Median frequency of dosing (IQR), hours 12 (12-24)
Appropriately dosed for renal function, n (%)

No 65 (48%)

Yes 35 (26%)

Unable to assess 35 (26%)
Indication, n (%6)

Febrile neutropenia 11 (8%)

Pneumonia 37 (27%)

Other® 31 (23%)

Not reported 56 (41%)
Drug concentrations, mg/L

Median serum, n=21 (range) 45 (15-284)

Median trough, n=13 (range) 38 (15-224)

Median CSF, n=4 (range) 13 (6-18)

Median for appropriately dosed patients, n=7 (range) 60 (22—74)

Median for inappropriately dosed patients, 39 (15-284)

n=10 (range)

[rough for appropriately dosed patients, n=6 (range) 54 L (37-65)
Median onset of neurotoxic effects (IOR), days 4 (2-6)

Table 4 Cefepime-induced neurotoxicity — a clinical picture

Risk factors Signs and symptoms

EEG characteristics

Treatments

- Altered mental status
- Reduced consciousness

- Renal dysfunction
- (Critical illness

- Altered BBB - Confusion
- Older age - Myoclonus
- Drug overdose - Aphasia

- Agitation

- Seizures

- Abnormalities

- Tri-phasic waves

- Multi-focal sharp waves
- Non-convulsive SE

- Generalized slowing

- Myoclonic SE

- Hemodialysis
- Benzodiazepine®

- Cefepime discontinuation
- Cefepime-free interval w/dose reduction

CNS central nervous system
*No patients were treated for meningitis/CNS infections

EEG electroencephalography, BBB blood-brain barrier, SE status epilepticus
®For EEG abnormalities/seizure activity associated with toxicity

* Median CSF/serum cefepime

concentration ratio: 21% (6-45%)

* CNS infection was not among the indications

* |Interventions:

» Cefepime discontinuation (81%)

e Administration of anticonvulsive (36%)
* Hemodialysis (8%)

» Cefepime dose reduction (4%)

Payne LE et al. Crit Care 2017;21:276.

Table 3 Patient outcomes

Outcome Value
Discharge outcome, n (%)

Survived 117 (879%)

Died 18 (13%)
Received dialysis, n (%) 11 (8%)
Antiepileptic drug administered, n (%) 48 (36%)
Symptom resolution, n (%)

Complete resolution of symptoms 68 (50%)

Symptom improvement 53 (399)

Mo improvement 11 (8%)

Unreported/indeterminate 3 (2%)
Median time to clinical improvement, days

All patients, n=67 (IOR) 2(1-3)

Emergent dialysis employed, n = 3? (range)
Antiepileptic drug used, n=26 (IOR)

1(1-3)
2(1-3)

*Only 3 of 11 patients who received emergent dialysis had reported times

to improvement



Table 2. Suggested beta-lactam toxicity thresholds and main clinical manifestations of neurotoxicity
according to the beta-lactam agent considered.

Beta-Lactam Toxicity Threshold Clinical Signs
Seizures
Flucloxacillin [6] Cmin > 125.1 mg/L Confusion
Myoclonia
Amoxicillin [46] Css <8 x MIC Psychotic symptoms
Encephalopathy
Ceftazidime [46] Css <8 x MIC Confusion. disturbed
vigilance
Encephalopathy
Cefepime [45] Cmin > 20 mg/L Confusion, disturbed
vigilance
Css > 157.2 mg/L (pip taz CI i
Piperacillin tazobactam _SS . mg/L (pip ?Z ) Seizures
6.20.33 Cmin > 64 (pip taz)-361(pip alone)
[6,20,33] ma/L Hallucinations
9
Seizures
Imipenem [46] Css <8 x MIC Confusion
Myoclonia
Meropenem [6] Cmin > 64 mg/L Seizures

Roger C, Louart B. Microorganisms 2021;9:1505.



Béta-laktamok nefrotoxicitasa

|dioszinkrazia miatt kialakulo akut intersticialis nephritis
A kezelés utan néhany nappal jelentkezik
A betegek jelent8s aranyat érinti, de nehéz diagnosztizalni

A legfontosabb teendd a gyodgyszer elhagyasa

Nast C. Adv Chronic Kidney Dis 2017;24:72-79.



Béta-laktamok altal okozott trombocitopénia

* Trombocitopénia és kritikus allapot:

* El6fordulasi gyakorisag kb. 50%

* Mortalitds fontos tényezGje (>30% mérték(i TC szdm csokkenés = 2x mortalitds)
* Trombocitopénia és gyogyszerek:

* Tobbnyire immunmedialt, ritkabban csontvel8 szuppresszié altal okozott
trombocitopénia

» Kezelés megkezdése utan tobb (akar 14) nappal jelentkezik

* Immunmedialt formanal a vérlemezke membran fehérjék ellen képzédnek antitestek
* Beéta-laktam kezelés az egyik legfontosabb ok

Beaulieu C et al. J Thromb Thrombolysis 2019;48:167-170.
Boyce K et al. J Clin Pharm Ther 2016;41:730-32.
Strauss R et al. Crit Care Med 2002;30:1765-1771.
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Table 2. Available Resources in the Participating Intensive Care Units (ICUs)

No. (%) by gross national income per capita®

Resource Low to lower middle (n = 73) Upper middle (n = 432) High (n = 645)

Availability of infectious diseases specialist or clinical microbiologist

At all times 30(41.1) 203(47.1) 440 (68.8)
Just during the week 31(42.5) 157 (36.4) 169 (26.4)
Never 12 (16.4) 71(16.5) 31(4.8)
Pharmacist (full-time or part-time) assigned to the ICU team 35(47.9) 250(58.0) 342 (53.5)
Antibiotics often or always available
Piperacillin/tazobactam 59 (80.8) 383 (89.1) 633(98.9)
Echinocandins 34 (46.6) 285 (66.3) 585 (91.5)
Tigecycline 49 (68.1) 300 (69.8) 516 (80.8)
Therapeutic monitoring often or always performed
Vancomycin 22(30.1) 188 (43.7) 587 (91.9)
Voriconazole 3(4.1) 34(7.9) 143 (22.4)
B-Lactam antibiotics 8(11.0) 47(11.0) 61(9.6)
Echinocandins 3(4.1) 25(5.8) 51 (B.0)
Aminoglycosides 0 1(0.2) 0

Vincent JL et al. JAMA 2020;323:1478-1487.



Béta-laktamok alkalmazasa vesepotlo kezeléssel (RRT) egyidejlleg
Franciaorszagban

Orvosok 70%-a a CRRT-t részesitette elényben az
intermittens hemodializissel szemben

Orvosok 56%-a nem modositotta a dozist az RRT
megkezdésekor

Leggyakrabban elnyujtott vagy folyamatos infuziét
adtak

Orvosok 62%-a ellendriztette a gyogyszerszinteket
Orvosok minddssze 3%-a hasznalt MIPD szoftvert

Célérték: megkérdezettek 53%-a 100% T>4xMIC,
16%-a T>1xMIC, 16%-a T>8xMIC értéket adott
meg

Orvosok 66%-a nem értett egyet azzal, hogy CRRT
kezelés soran gyakrabban jelennek meg
neurotoxicitasra utalé tunetek

Matusik et al. BMC Nephrology (2022) 23:48
https://doi.org/10.1186/512882-022-02678-x B M C N e p h ro I Ogy
RESEARCH ARTICLE Open Access

: : : ®
Beta-lactam dosing during continuous renal ===

replacement therapy: a survey of practices
in french intensive care units

Flodie Matusik'"®, Justine Lemtiri?, Guillaume Wabont' and Fabien Lambiotte?

Matusik E et al. BMC Nephrology 2022;23:48.
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