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• The world is facing an ever-increasing danger of infections that are 
resistant to most, if not all, available antibiotics. 

• Such infections account for more than $20 billion in healthcare costs  
and >8 million additional and avoidable hospital days.

• This problem is becoming more serious because of reduced funding     
for development of new and more powerful antibiotics. 

• The US Food and Drug Administration approved 16 new antibiotics 
between 1983 and 1987 but has approved only 2 since 2008.

• The dearth of drug development has been made worse by:
- the withdrawal of most pharmaceutical companies from antibiotic 
research because of lessening profit margins 
- the increasing resistance to these drugs resulting from their 
inappropriate use.

• This has resulted in a crisis that has led the Infectious Disease Society    
of America to launch the “10 by ‘20 Initiative” which seeks a global 
commitment to produce 10 new systemic antibiotics by the year 2020. 

A challenge!



The translational pathway - from‘bench’ to ‘bedside’ and back again - illustrating    
the clinical and research requirements in order to reduce drug-induced kidney injury



Obiettivi

• Valutare la necessità di aggiustamento posologico degli antibiotici
in corso di insufficienza renale

• Identificare i principali fattori di rischio per effetti collaterali avversi
in pazienti con insufficienza renale

• Verificare la metodologia utilizzata per calcolare il GFR dei pazienti

• Confrontare i diversi tipi di terapia sostitutiva renale per quanto
riguarda la rimozione degli antibiotici

• Utilizzare i riferimenti della clinical practice e delle raccomandazioni
per identificare l’aggiustamento posologico più adeguato alle
caratteristiche del singolo paziente e del trattamento cui è
sottoposto



(and general toxicity)



Inappropriate dosing
in patients with CKD 
can cause 
toxicity, 
or ineffective therapy



Ipovolemia, ipotensione

• Children receiving antibiotics are typically acutely unwell and thus they 
will have confounding factors, such as hypovolaemia, hypotension, and 
the additional use of concomitant drugs, that increase their propensity  
to develop (A)KI.

• Around 20–30% of all children treated with an aminoglycoside for more 
than 5 days develop AKI (Zappitelli, Moffett, Hyder, & Goldstein, 2011).

• A study assessing 175 children with previously normal renal function,

demonstrated that after 48 h of vancomycin treatment AKI occurred

in 14% of patients and was related to the dose used, the length of 
therapy, and the additional use of concomitant drugs (Sinclair et al., 2014).







PK/PD
• PK (farmacocinetica): 

descrive le modificazioni “nel tempo” delle concentrazioni di 
farmaco nei tessuti e nei fluidi corporei *

→determina le dosi e la miglior strategia di somministrazione   

dei diversi antibiotici in rapporto a:

→MIC del patogeno 

• PD (farmacodinamica): rapporto dose/effetto 
nel caso degli antibiotici descrive:

→ attività antimicrobica

→ effetti clinici 

→ tossicità

* LADME:  liberation, absorption, distribution, metabolism and excretion 



Factors and Mechanisms for Pharmacokinetic Differences
between Pediatric Population and Adults

• Anatomical, physiological and biochemical changes that occur from birth affect PK and
PD, and therefore the bioavailability of drugs

• Some PK parameters such as absorption, volume of distribution, plasma protein
binding, metabolism and excretion are age-related

• In general, absorption, plasma protein binding, metabolism (enzyme expression) and
excretion of children are reduced, while the volume of distribution is increased

• Furthermore, it is frequently assumed that the same plasma concentration of a drug 
and/or its metabolites in pediatric population and adults is responsible for the same 
pharmacological effect. This statement is far from correct due to the existence of active 
metabolites, diverse receptor characteristics (quantity and affinity) and variable 
concentration reached at the site of action, as well as different membrane permeation 

→ Extrapolation from adults’ data should not be done 

• Pediatrics studies entail difficulties and ethic limitations. However, they are necessary  
to determine the administration regimen of drugs and estimate their fate once given

Pharmaceutics 2011; 3:53-72; Pharmacol Ther 2017; 174:55-62



Variazioni della cinetica dei farmaci

nel paziente critico

Normale  Vd aumentato Cl aumentata



Augmented renal clearance
(defined as a creatinine clearance >130 mL/min/1.73 m2)



Ipoalbuminemia 
→aumento della concentrazione di farmaco libero 

→aumento della clearance e del volume di distribuzione 

(per farmaci con legame proteico medio o alto)





Loading dose:             initial higher dose of a drug given at the start of treatment

Maintenance dose: the rate of drug administration assumed to be equal to the rate     
of elimination when a steady state has been reached



Profilo 

farmacodinamico

Parametro PK/PD 

che definisce 

l’efficacia

Classe di farmaci

Tempo-dipendente %t>MIC beta-lattamici

%t>MIC

AUC/MIC
linezolid

AUC/MIC
macrolidi lincosamidi 

tetracicline (tigeciclina)

AUC/MIC
glicopeptidi 

Concentrazione -

dipendente
AUC/MIC polimixine (colistina)

AUC/MIC e/o 

Cmax/MIC

chinoloni, aminoglicosidi, 

daptomicina, metronidazolo

Attività antibatterica in base a PK/PD



Strategie di terapia in situazioni critiche: 
antibiotici con profilo farmacodinamico “time-dependent” *

• aumento della dose (per alcuni neurotossicità per conc > 8xMIC)

• riduzione dell’intervallo tra le somministrazioni (aumento della frequenza: 
q8 → q6)

• prolungamento del tempo di somministrazione

• 40-50% dell’intervallo fra le dosi

• infusione continua

(nei pazienti in CRRT l’antibiotico viene somministrato con un 

rate simile a quello di rimozione)

• in caso di ARC e/o ipoalbuminemia l’infusione continua è probabilmente 
l’unica strategia possibile…

→ comunque utile il monitoraggio dei livelli ematici (TDM)

* beta-lattamici: penicilline, cefalosporine, carbapenemi; glicopeptidi; linezolid



Profilo PD 

concentrazione-

dipendente

Aumento dell’intervallo
fra le dosi

=
>  Efficacia
<  Tossicità



Diagrammi per il calcolo di frequenza e dose degli 
aminoglicosidi nel paziente in insufficienza renale 

Calcolo della frequenza delle somministrazioni di 
amikacina – nomogramma di Hartford *

Effettuare il prelievo 8-12 ore dopo l’inizio dell’infusione. 
Dividere il valore di amikacina per 2 , quindi inserirlo nel 
grafico per valutare l’intervallo tra le dosi 

Calcolo della frequenza delle somministrazioni 
di gentamicina e tobramicina – nomogramma 
di Urban & Craig *

* Stanford University: http://med.stanford.edu/bugsanddrugs.htm



Osthoff Swiss Med Wkly 2016 

“… optimal antibiotic exposure may not be achieved with 
traditional dosing strategies in a significant number of 
patients (e.g. critically ill or infected by resistant
organisms), 
which may lead to microbiological and clinical failure,
and may promote the emergence of antibiotic resistance”



Parametri di PK/PD e selezione dei mutanti (resistenti)

La selezione delle resistenze è influenzata dalle dosi di antibiotico

MIC della 

popolazione 

meno suscettibile



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)  



Inappropriate dosing
in patients with CKD 
can cause 
toxicity, or    
ineffective therapy



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)

- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers (→ diapo ?)

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)  (→ diapo)



The updated Schwartz formula is

eGFR = 0.413 x height (cm)/Scr (mg/dl)

showing a 25% reduction from the previous 0.55 K factor

generated by the Jaffe-based Scr measurements, in

keeping with the approximate reduction in apparent

concentration by isotope dilution mass spectroscopy–

referenced enzymatic creatinine determinations.

This formula is reliable in the range of GFR from 15 to 75

ml/min per 1.73 m2, but it has not been tested to estimate

GFR in children with higher kidney function.

→ steady state serum creatinine levels



J Am Soc Nephrol 2013 May;24(6):877-88

SSPCr = steady-state plasma creatinine (mg/dl)
Mean PCr = the arithmetic mean of the 

plasma Cr values at the beginning
and end of the period of interest

deltaPCr = the change in plasma Cr between the 
2 time points

deltaTime = time (hours) between the 2 Cr points
Max PCr/Day = the maximal change in plasma Cr 

that would occur if GFR were zero
(estimated from the patient’s rate 
of Cr production and the Cr Vd)  

→ not validated in pediatric patients



Cystatin C is a non-glycosylated protein 
produced by all nucleated cells. Its constant 
rate of production, low MW of 13 kDa, and 
positive charge at physiological pH makes it a 
suitable marker for glomerular filtration. 

It is reabsorbed and almost completely 
catabolized in the proximal tubule.

It has many advantages including its extreme 
sensitivity to small changes in GFR and 
higher diagnostic accuracy than MDRD or CG 
formulae. 

Moreover, its concentration is least affected 
by infections, malignancies, steroid therapy, 
inflammatory disorders, and muscle mass.



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- reduced single doses and/or extended dosing intervals (PK/PD profile)
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)  (→ diapo)



Farmaci anti-infettivi di cui è possibile il dosaggio  dei livelli 
ematici mediante HPLC-MS/MS al Gaslini

(Ottobre 2018)

Giuliana  Cangemi, Laboratorio Centrale di Analisi 
giulianacangemi@gaslini.org

ANTIMICOTICI:
• Voriconazolo
• Posaconazolo
• Itraconazolo
• Isavuconazolo
• Micafungina
• Amfotericina B

ANTIBIOTICI:
• amikacina *
• amoxicillina
• ceftazidime
• ciprofloxacina
• colistina
• daptomicina
• gentamicina *
• linezolid
• meropenem
• piperacillina
• teicoplanina
• tigeciclina
• tobramicina
• vancomicina *

* disponibili anche con immunoassay



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of kidney injury
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)



RIFLE Risk Injury Failure Loss ESRD

AKIN I II III

S Cr sCr
1.5-2 X o 
+0.3mg/dl
eGFR -25%

SCr
2-3 X  
e-GFR -50%

sCr
> 3X o > 
4mg/dl

FAILURE  > 
4sett

FAILURE > 
3mesi

Output 
urine

<0.5 ml/kg/h 
per 6 h

<0.5 ml/kg/h 
per 12 h

<0.3 ml/kg/h 
per 24 h o 
anuria x 12 h

Vaidya, et al. Ann Rev Pharmacol Toxicol. 2008;48:463-493.

FASI DEL DANNO RENALE



Criteri RIFLE Pediatrici – pRIFLE

pRIFLE Class eGFR stimato con formula di
Schwartz

Output urinario

Risk eGFR riduzione del 25% < 0.5 ml/kg/h  per 8 h

Injury eGFR riduzione del 50% < 0.5 ml/kg/h per 16 h

Failure eGFR riduzione del 75%

o eGFR < 35 ml/min/1.73 m2

< 0.3 ml/kg/h per  > 24 h

o  Anuria per 12 h

Loss Insufficienza renale > 4 sett

ESRD Insufficienza renale > 3 mesi

Akcan-Arikan A et al, Kidney International 2007

I livelli ematici di creatinina dipendono da diversi fattori, quali:
età, sesso, massa muscolare, dieta e nel neonato anche dalla Cr materna

→ eGFR più attendibile



Conclusion
The present meta-analysis is the first to assess the 
prognostic value of cystatin C in detection of AKI in
pediatric population. The findings of this study 
showed that cystatin C has an acceptable prognostic 
value for prediction of AKI in children, with its serum 
concentration diagnostic value being higher than that 
of its urine level. So, measuring cystatin C serum level 
in the first 24 h and considering a cut-off point of 0.4-
1.0 mg/L provides the highest value in predicting AKI.



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)



The first formal qualification of safety biomarkers for regulatory decision making marks a 
milestone in the application of biomarkers to drug development. 
Following submission of drug toxicity studies and analyses of biomarker performance to the
Food and Drug Administration (FDA) and European Medicines Agency (EMEA) by the Predictive

Safety Testing Consortium's (PSTC) Nephrotoxicity Working Group, 7 renal safety biomarkers
have been qualified for limited use in nonclinical and clinical drug development to help guide
safety assessment:
kidney injury molecule-1 (KIM-1), 
albumin,
total protein, 
β2-microglobulin, 
cystatin C, 
clusterin and 
trefoil factor-3.
This was a pilot process, and the experience gained will both facilitate better understanding of 
how the qualification process will probably evolve and clarify the minimal requirements
necessary to evaluate the performance of biomarkers of organ injury within specific contexts.



Electronic health record identification of nephrotoxin exposure and
associated acute kidney injury
Goldstein SL1, Kirkendall E, Nguyen H, et al.  Pediatrics. 2013 Sep;132(3):e756-67.

In the NINJA study (Nephrotoxic Injury Negated by Just-intime Action) systematic screening 
of electronic health records was instituted to identify children receiving IV aminoglycosides
for ≥3 days or ≥3 simultaneous nephrotoxins. In the patients enrolled in this study, daily 
monitoring of serum creatinine was recommended. 
The mean weekly AKI rate was 25.5 % for nephrotoxin-exposed patients using the pRIFLE
criteria. 
A 42 % reduction in AKI intensity (from 33.6 to 19.5 days/100 exposure days) was reported 
during 1 year of implementation of the screening program.

A sustained quality improvement program reduces nephrotoxic
medication-associated acute kidney injury
Goldstein SL1, Mottes T2, Simpson K2,et al.  Kidney Int. 2016 Jul;90(1):212-21

The results of a follow-up analysis of this project after 3 years of implementation 
revealed that there had been a
- 38 % reduction in exposure to nephrotoxic medications (11.63 to 7.24 exposures/1000 

patient days), and a 
- 64 % reduction in the AKI rate (2.96 to 1.06 episodes/1000 patient days)

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein SL[Author]&cauthor=true&cauthor_uid=23940245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirkendall E[Author]&cauthor=true&cauthor_uid=23940245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nguyen H[Author]&cauthor=true&cauthor_uid=23940245
https://www.ncbi.nlm.nih.gov/pubmed/23940245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein SL[Author]&cauthor=true&cauthor_uid=27217196
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mottes T[Author]&cauthor=true&cauthor_uid=27217196
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simpson K[Author]&cauthor=true&cauthor_uid=27217196
https://www.ncbi.nlm.nih.gov/pubmed/?term=goldstein+sl,+mottes+t,+simpson+k




Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)



© Schattauer 2014

EHR system





© Schattauer 2014



Prevention of antibiotic-induced AKI
• Avoid nephrotoxic antibiotics
→ cautious and/or judicious use of nephrotoxic antibiotics

• Optimal dosing
- adjust for patient’s eGFR (on a daily basis)
- extended dosing intervals and short-term therapy
- adequate therapeutic drug monitoring (TDM)

• Improved, early detection of AKI
- pRIFLE

- biomarkers
- electronic triggers

• Pharmacovigilance
- Reporting and recording adverse drug events (ADEs)

• Drugs that induce biological systems
- manipulation of biological pathways that directly contribute to 

kidney injury (drug repurposing)



Clin Transl Sci 2018; 11: 100-102





Clin Transl Sci 2018; 11: 100-102

• These findings informed the design of a phase IIa randomized controlled 
clinical trial of rosuvastatin for the prevention of aminoglycoside‐induced 
nephrotoxicity in children with CF.                   
The PROteKT study (EudraCT 2014‐002387‐32, UKCRN ID 16993,   

ISRCTN26104255)
• In this multicenter trial, 50 children with CF receiving clinically indicated 

treatment with aminoglycosides were randomized equally to cotreatment
with rosuvastatin or to current standard of care. 

• A dose of 10 mg rosuvastatin was used in the trial based on allometric
scaling from the guinea pig experiments. 

• Recruitment to this trial is now complete, and results will be published in     
the near future. 

• This phase IIa study, if positive, will be used to design a multicenter, phase III 
trial to evaluate the effect of rosuvastatin in preventing 
aminoglycoside‐induced kidney injury.

1Department of Women’s and Children’s Health, University of Liverpool, Merseyside, UK; 2Department of Molecular and Clinical Pharmacology, and MRC Centre for 
Drug Safety Science, University of Liverpool, Liverpool, Merseyside, UK



Pharmacogenetics & Pharmacogenomics

• The terms ‘pharmacogenomics’ and ‘pharmacogenetics’ are often
used interchangeably to describe how genetic determinants affect
an individual’s response to a medication.

• Pharmacogenetics, the narrower term, is defined as ‘the study of
interindividual variations in DNA sequence related to drug
response’.

• However, it has become clear that the sequence of individual genes
is not the only factor involved, but many genes interact with each
other and, thereby, affect the functioning of the cell, organ and
individual.

• Pharmacogenomics is a broader term, covering these additional
factors, defined as ‘the study of the variability of the expression of
individual genes relevant to the disease susceptibility as well as
drug response at cellular, individual or population level’.

• It is estimated that 10–20% of ADRs are genetically determined

Pharmacol Ther 2017; 174:55-62



The A1555G mutation in the mitochondrial genome has been associated with an 
increased risk for aminoglycoside ototoxicity.

This mutation is located in the gene which codes for the mitochondrial 12S rRNA. 
• By replacement of the adenine by guanine in position 1555, the guanine can form an additional 

base pair with the cytosine in position 1494 in the ternary structure of the
• 12S rRNA. This renders the mutated 12S rRNA more similar to the bacterial 16S rRNA, the key target 

of aminoglycosides.44

Aminoglycosides bind with higher affinity to the mutated 12S rRNA than to the 
wild type 12S rRNA. This is supposed to be the reason for the increased risk of 
aminoglycoside-induced ototoxicity in patients carrying the A1555G 
mitochondrial DNA mutation.

Additional mutations in the mitochondrial genome have been identified, which 
also predispose for aminoglycoside-induced hearing impairment. Many of these  
polymorphisms are located in the gene coding for the 12S rRNA, suggesting 
that this is a hot spot for non-syndromic aminoglycoside-induced hearing loss.



“We demonstrate that the uptake of aminoglycosides into the kidney directly correlates with 
renal megalin activity and is completely eliminated in mice lacking the receptor. 
Thus, our studies provide unequivocal evidence that megalin is the only major pathway 
responsible for renal aminoglycoside accumulation and that the receptor represents a unique 
drug target to prevent aminoglycoside-induced nephrotoxicity in patients.“

“… we investigated gentamicin uptake and renal accumulation in mice lacking functional CFTR
(CftrΔF/ΔF ) or knock-out for the Cl− /H+ exchanger ClC-5 (Clcn5Y/−). 
As compared with controls, CftrΔF/ΔF and Clcn5Y/− mice showed a 15% to 85% decrease in 
gentamicin accumulation in the kidney, respectively, in absence of renal failure. 
These results show that the functional loss of these 2 chloride transporters is associated with 
impaired uptake of AG in PT cells, reflected by a decreased renal accumulation of the drug.“



Management of drug-induced AKI

• Reducing further nephrotoxic insults

• Assessing and supporting adequate hydration 

• Monitoring fluid overload & electrolytes to initiate renal 

replacement therapy, if required

• Ensuring resolution of renal function

• Screening for risk factors for CKD (hypertension and proteinuria)

Renal follow-up



Long-term risk of CKD 
from use of nephrotoxic antibiotics

• As many patients with drug-induced AKI have additional co-morbidities, it is
difficult to determine the precise long-term risk of CKD from use of each drug

• In a large study by Goldstein's group1, 70 out of 100 of children who were
exposed to either > 3 days of aminoglycoside or > 3 nephrotoxic agents for at
least 1 day, and who developed AKI, demonstrated features of residual kidney
damage at 6 months post AKI (reduced eGFR, hyperfiltration, proteinuria, or
hypertension)

• Longer-term studies are required to confirm these findings, however, this is in
keeping with studies on the cumulative effect of aminoglycosides in patients
with CF:
reduced GFR in 31-42% of patients with multiple exposure to aminoglycosides 2

→Reducing the long-term consequence of kidney injury and inflammation
associated with drugs administered during childhood is therefore an 

important healthcare priority

1 J Pediatrics 2014; 165 (3): 522-527        2Pediatric Pulmonol 2005; 39: 15-20.



Management of drug-induced AKI

• Reducing further nephrotoxic insults

• Assessing and supporting adequate hydration 

• Monitoring fluid overload & electrolytes to initiate renal 

replacement therapy, if required

• Ensuring resolution of renal function

• Screening for risk factors for CKD (hypertension and proteinuria)

Renal follow-up



Fattori che possono influenzare la clearance 
di un farmaco in corso di terapia sostituiva renale (RRT)



Consigli pratici di carattere generale

Dose carico iniziale per raggiungere il target ematico (> MIC) , 
senza aggiustamenti  (150% dose normale per gli antibiotici idrosolubili )

Antibiotici idrosolubili (basso Vd): sono suscettibili di rimozione significativa      
con RRT e necessitano di aggiustamenti posologici 
Per le dialisi intermittenti tenere conto del rebound di farmaco post-dialitico

Antibiotici liposolubili : sono per la maggior parte ad eliminazione epatica, 
attraversano le membrane cellulari e hanno Vd elevato. 
La rimozione extracorporea  è modesta e l’aggiustamento posologico è meno 
frequentemente necessario

Quando possibile dosare i livelli ematici (aminoglicosidi, vancomicina, teicoplanina) 
e guidare la terapia in base alle concentrazioni plasmatiche (paziente critico)

Di quanti antibiotici riusciamo ad avere un 
Therapeutic Drug Monitoring in tempi utili    
e alla portata dei nostri Laboratori ?



LIMITATIONS

The pharmacokinetic and pharmacodynamic basis for
intermittent drug dosing, particularly in patients
undergoing APD with frequent short cycles, is limited
to a few adult and even fewer pediatric studies.

RESEARCH RECOMMENDATIONS

• The kinetics of drug disposition after intermittent
intraperitoneal administration should be studied in
all pediatric age groups for all antibiotics listed in
the present guideline.

• The effects of PD prescription modifications (fill volume,
number and duration of cycles) on peritoneal drug
resorption and clearance should be assessed by computer
simulation, using experimentally established PK
characteristics.

• Predictive value of plasma and dialysate antibiotic levels
for bacterial eradication and clinical outcomes should be
studied.

“Furthermore, we recommend monitoring the blood
levels of antibiotics (within 2 – 4 days of first
administration) in patients receiving glycopeptides
intermittently—at least in patients with significant
residual renal function. Although not established in
routine clinical practice, monitoring of dialysate
concentrations may provide even more relevant
information.”



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare    
- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)

- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici) 
- stato infiammatorio
- ipoalbuminemia
- interferenza con altri farmaci (amine, farmaci nefrotossici)





Pertanto, con l’impiego di membrane “high-flux”  (AN69HF, PAN, polisulfone,  
poliamide, ecc.) la clearance diffusiva di farmaci a PM elevato, come la  vancomicina
(PM 1448 Da), è tutt’altro che trascurabile e può ridurre i livelli ematici del farmaco al 
di sotto della soglia terapeutica. 

Tuttavia, rispetto alle metodiche convettive, il coefficiente di saturazione tende  a
ridursi  progressivamente con l’aumentare del PM (Cl diffusiva < Cl convettiva) anche 

con l’impiego di membrane “high-flux”. 

Ai fini del passaggio del farmaco attraverso la membrana,
assumono importanza anche le proporzioni geometriche e il
volume effettivo della molecola, che sono determinate, oltre
che dal PM, anche dalla forma e dalla carica elettrica.



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare
- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)   
- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici)
- stato infiammatorio
- ipoalbuminemia

- interferenza con altri farmaci (amine, farmaci nefrotossici)



vancomicina PM 1448 D – teicoplanina PM 1885 D



Pertanto, con l’impiego di membrane “high-flux” (AN69HF,
PAN, polisulfone, poliamide, ecc.) la clearance diffusiva di
farmaci a PM elevato è tutt’altro che trascurabile e può
ridurre i livelli ematici del farmaco al di sotto della soglia
terapeutica.

Tuttavia, rispetto alle metodiche convettive, il coefficiente di saturazione tende  a
ridursi  progressivamente con l’aumentare del PM (Cl diffusiva < Cl convettiva) anche 

con l’impiego di membrane “high-flux”. 

Ai fini del passaggio del farmaco attraverso la membrana, assumono  importanza 
anche le proporzioni geometriche e il volume effettivo della molecola, che sono 
determinate, oltre che dal PM, anche dalla forma e dalla carica elettrica.



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare
- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)   
- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici)
- stato infiammatorio
- ipoalbuminemia

- interferenza con altri farmaci (amine, farmaci nefrotossici)



Dialysate rate  (Qd)
= flusso soluzione di 

dialisi 
= quota “diffusiva”
= HD, emodialisi

+
Reinfusion solution rate
(Qr)
= flusso di reinfusione
= quota “convettiva”
=HDF, emodiafiltrazione

Dose effluente totale  
= Qd + Qr + UF netta
L/ora →ml/kg/ora

es. 2 L/ora = 28 ml/kg/ora
6 L/ora = 86 ml/kg/ora



Terapie sostitutive

• CRRT: i farmaci maggiormente rimossi sono quelli a più basso 
peso molecolare,  

con basso legame proteico e                               

idrofili

• ECMO: 

introduce un’ulteriore difficoltà nell’aggiustamento 
posologico degli antibiotici perché determina:    
- aumento del volume di distribuzione                     
- alterazioni del legame proteico 

- potenziale sequestro di  farmaci nei circuiti



ECMO + CRRT
K.pneumoniae OXA 48 (carbapenemasi):

MIC MEM: 16 mg/l  

Meropenem 120 mg/kg
MIC = 16 mg/l



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare
- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)   
- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici)
- stato infiammatorio
- ipoalbuminemia

- interferenza con altri farmaci (amine, farmaci nefrotossici)



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare

- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)   
- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici)
- stato infiammatorio
- ipoalbuminemia

- interferenza con altri farmaci (amine, farmaci nefrotossici)



Fattori che possono influenzare la clearance
di un farmaco in corso di CRRT

I) Fattori farmaco-specifici
- peso molecolare

- volume e conformazione della molecola
- idrosolubilità e carica elettrica
- legame proteico
- volume di distribuzione ( Vd < 1 L/kg: rimozione significativa in CRRT)
- metabolismo

II) Fattori CRRT-specifici
- permeabilità della membrana del filtro (alta permeabilità)
- modalità di CRRT: diffusiva, convettiva, mista
- pre- versus post-diluizione
- dose dialitica (dose effluente totale)   
- durata del trattamento (downtime, tempo di utilizzo del filtro)

III) Fattori paziente-specifici
- funzione renale residua
- modificazioni della quota di eliminazione extra-renale (disfunzione epatica, MOF)
- variazione del volume di distribuzione  (> nei pazienti con AKI per alcuni antibiotici)
- stato infiammatorio
- ipoalbuminemia

- interferenza con altri farmaci (amine, farmaci nefrotossici)

→ alta variabilità da paziente a paziente,
e in corso di trattamento nello stesso paziente







In conclusione...
- La tossicità renale e generale associata all’uso degli antibiotici
rappresenta un problema rilevante nei pazienti pediatrici,
soprattutto in area critica

- L’aggiustamento posologico deve basarsi sulla valutazione delle
caratteristiche di PK/PD del farmaco

- La conoscenza dei meccanismi attraverso i quali si determina la
nefrotossicità è importante al fine di:

→ valutare i possibili fattori di rischio

→ individuare biomarkers precoci ed affidabili

→ sviluppare strumenti per limitare le conseguenze della
tossicità

- I protocolli di terapia adottati devono essere confrontati con le
raccomandazioni disponibili e continuamente adattati alla
situazione clinica del singolo paziente







Una possibile strategia per il paziente critico

1. Fare diagnosi di infezione e scegliere un antibiotico sulla base di:

1. quadro clinico

2. patogeno più probabile o identificato

3. pattern di sensibilità in ospedale o nel caso dato

2. Identificare le caratteristiche fisio-patologiche del paziente:

1. età

2. peso

3. clearance della creatinina (anche calcolata)

4. albuminemia

5. carico/sovraccarico di liquidi

6. presenza di eventuali circuiti extracorporei

3. Sulla base di questi dati stabilire la 1a dose da somministrare

4. Iniziare la terapia rapidamente e con tempi di somministrazione adatti al         

tipo di farmaco scelto (monodose, infusione continua/prolungata)

5. Eseguire prelievi per la determinazione dei livelli ematici (TDM) in tempi stabiliti 

e rivalutare in base ai risultati





Timing di somministrazione:
Aminoglicosidi→ dose carico pre-dialisi alto 
picco di concentrazione per massimizzare 
efficacia antibatterica; la rimozione dialitica 
consente  di ridurre la tossicità di una 
esposizione prolungata
beta-lattami → nelle dialisi intermittenti  
somministrare post-dialisi; nelle CRRT  
infusioni prolungate o piccole dosi a intervallli
ravvicinati
Linezolid→ somministrare post dialisi
Glicopeptidi→ nell’ultima ora di dialisi (nelle 
dialisi intermittenti)



AMINOGLICOSIDI
• Bersaglio della tossicità: tubulo prossimale              

endocitosi tramite il recettore megalina→ soggetto a 
«saturazione» → dose singola: «extended interval dosing»
(«concentration dependent PD profile»)

• Meccanismo tossicità: 
fosfolipidosi lisosomiale → danno mitocondriale → apoptosi

• Variabilità nella sensibilità individuale 

• TDM: a 10 h (< 10 mg/L)

• IR non-oligurica con disfunzione tubulare, da 5 a 10 gg 
dall’inizio della terapia

• Reversibile nella maggior parte dei casi,

ma esposizione ripetuta → danno cronico 

• a



→ Baseline and serial measurements of novel renal biomarkers  to asses the  
predictive value of these markers for AKI 

→ DNA samples should be collected for pharmacogenomic analyses



Key points

■■Altered drug pharmacokinetics in critically ill patients with acute kidney injury (AKI) and 
heterogeneous renal replacement therapy (RRT) techniques in intensive care units preclude 
standardized antibiotic dosing

■■Most critically ill patients with AKI exhibit altered antibiotic pharmacokinetics that 
necessitate increased doses in spite of decreased renal clearance, particularly when serious 
infections are implicated

■■Drug dosing decisions must take into account pharmacodynamic as well as pharmacokinetic 
considerations

■■Clinicians should compare their RRT protocols to those in published guidelines and ensure 
that their recommendations are applicable to the individual patient’s clinical situation

■■Hybrid RRTs require the same antibiotic dosing alterations as do continuous RRTs, but for 
hybrid therapies the dose timing must also be considered ?????


