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rugs cause approximately 20%-40% of

acute kidney injury (AKI), perhaps as
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nigh as 60% of AKI in the elderly

oulation.
minoglycosides and beta-lactams are

nsidered the most common

antimicrobials causing AKI mainly due to
acute tubular necrosis (ATN) and acute

Interstitial nephritis (AIN), respectively
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Summary of Antimicrobial-Induced Nephrotoxicity: Mechanisms

and Clinical Manifestations

Antibiotics

Antifungal

Aminoglycosides

Beta-lactams

Trimethoprim/Sulfamethoxazole

Fluoroguinolones

Vancomycin

Daptomycin

Polymyxing
Amphotericin B
Caspofungin
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Direct proximal tubule cytotoxicity
Direct distal tubule cytotoxicity

Direct proximal tubule cytotoxicity
Glomerular injury

Impaired creatining secretion
ENaC inhibition

Tubular damage
Enhanced cellular immunity/structural

similarity to quinine
Direct proximal tubule cytotoxicity

Rhabdomyolysis
Direct proximal tubule cytotoxicity

Direct distal tubule cytotoxicity
Direct distal tubule cytotoxicity

Fanconi-like syndrome

ATN

Electrolyte wasting tubulopathy
ATN

Acute glomerulonephritis

AIN

Falsely elevated creatinine
Hyperkalemia

AIN

TMA

ATN

AIN

Myoglobin-induced tubulopathy
Mild ATN

ATN

Renal distal tubular acidosis
Mild distal tubulopathy
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Structural and clinical manifestation of
antimicrobial-induced nephrotoxicity
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Risk factors for drug
nephrotoxicity

» Drug factors
» Patient factors (/
» Kidney factors ‘




Patient factors that increase risk
for drug-induced nephrotoxicity

Fatient Factors
« Age (elderly) + True or effective intravascular volume depletion
+ Spx (female) = Praranal azolemia
+ Race = Sluggish urine low
* Allergic response to certain medications . ]
- Immune response genes + Metabolic perturbations
- Electrolyte and acid-base disturbances
* Uring pH (acid or alxaling)
* Urine crystal inhibitors
+ Altered pharmacogenetics
= Kigney transporiers
+ Loss or gain of function mutations + Acute kidney injury
+ Allered regulation of the carter + Chronic kidney disease
(transport requlating kinases) + Cardiorenal syndrome
= Cytochrome: P40 enzyme gone + Nephrotic syndrome
polymorphisms » Advanced cirrhosis
* Altered drug metabolism + Obstructive jaundice
adlS o yuuSgigyhs Clin J Am Soc Nephrol 13: 1897—-
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Kidney factors that enhance risk
for drug-induced nephrotoxicity

High metabolic rates and workload of cells
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The pathogenic mechanisms of
antibiotic-induced nephrotoxicity
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Amlnoglycosldes
al Targets & MOA

Aminoglycosides

» Despite rigorous patient monitoring,

nephrotoxicity appears in 10-25% of
therapeutic courses

»Phospholipidosis correlates tightly with
the level of toxicity of aminoglycosides.

» Tubular regeneration and recovery of
kidney function are typically complete
after approximately 20 days post
dlscontmuatlon of the medication

« JJ Medicine d




Aminoglycosides
Bacterial Targets & MOA

Aminoglycosides

» The typical clinical manifestation of
aminoglycoside toxicity iIs nonoliguric or even
polyuric renal excretion dysfunction
accompanied by an increase in plasma
creatinine, urea and other metabolic products
of the organism, proteinuria, enzymuria,
aminoaciduria, glycosuria, and electrolyte
alterations (hypercalciuria, hypermagnesuria,
hypocalcemia, and hypomagnesemia).

JJ Medicine d




Risk factors of aminoglycoside antibiotics related to
patient and treatment characteristics, and to the
concomitant administration of other drugs

Patient Treatment Other drugs

Older age Longer treatment  NSAIDs

Reduced renal function  Higher dosage Diuretics

Pregnancy Split dosage Amphotericin
Dehydration — Cisplatin

Renal mass reduction — Cycosporin
Hypothyroidism — lodide contrast media
Hepatic dysfunction — Vancomycin
Metabolic acidosis — Cephalosponin

Sodium depletion — —

45 g WoyuuSgigyds /(idney International (2011) 79, 3345
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Mechanisms and cell signaling pathways
underlying the cytotoxic effect of
gentamicin

Gentamicin
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Integrative view of the mechanisms
leading to gentamicin nephrotoxicity

Gentamicin
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Role of inflammation in the
amplification of tubular, glomerular, and
vascular effects of gentamicin
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Amphotericin B

» Amphotericin B-induced nephrotoxicity results in tubular
dysfunction due to cell swelling driven by increased cation
permeability in disrupted tubular cell membranes.

> Renal distal tubular acidosis

» Increased permeability of NaCl in the macula densa cells
causes severe afferent vasoconstriction and decreased GFR

» The most important specific risk factor of kidney injury is the
total amphotericin cumulative dose (>600 mg).

» Lipid-based amphotericin formulations, including amphotericin
B lipid complex and liposomal amphotericin B, achieve
considerably less plasma and renal concentration,
nephrotoxicity




Managing amphotericin B-deoxycholate (AmB-D)
nephrotoxicity

identi atients at risk for nephrotoxici

Histo and examination:

Preexisting renal dysfunction

Hypovolemia: dehydration, heart failure, third spacing, sepsis

Concomitant nephrotoxins: cyclosporin A, tacrolimus, foscamet, aminoglycosides, other.
Dose of AmB-D likely > 500 mg

Underlying disease: Myeloma, amyloidosis, light-chain deposition disease, and other
diseases with kidney involvement.

Tumor lysis likely

Infection: renal (adenovirus, other) or systemic (sepsis)

Baseline evaluation:

Serum levels of creatinine, uric acid, potassium, magnesium, phosphorus, bicarbonate
Urinalysis (giycosuria, proteinuria, other)

Creatinine clearance

Patient at Risk for Nephrotoxicity?

e N gy -

NO YES

L1

Consider lipid AmB or non-polvene
antifungal (triazole, echinocandin)

Use AmB-D and monitor and prevent
nephrotoxicity

Sodium lcading 0.5-1 L of IV fluids before and after AmB-D
Treat conditions associated with hypovolemia

Good hydration and allopurinol if patient at risk for tumor lysis
Avoid concomitant nephrotoxins & monitor the use of
nephrotoxic agents if these agents cannot be replaced
Monitor serum creatinine, uric acid, potassium, magnesium,
phosphorus, bicarbonate, serum levels of nephrotoxins
{cyclosporin, tacrolimus, aminoglycosides, etc.)

Constantly reassess the need for continuing antifungal

therapy
iJV YES:

25 % T serum
Nephrotoxicity i :> creatinine

or severe
I ] tubulopathy

NO: Continue AMB-D




B-lactam Antibiotics
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Beta-Lactams

» Acute glomerulonephritis,ATN, and AIN.

»penicillins and cephalosporins are associated
with significantly less renal toxicity compared
with carbapenems.

» The combination of some penicillins such as
piperacillin-tazobactam with vancomycin
significantly increases the incidence of AKI,
2-3 times higher than with vancomycin alone




B-lactam Antibiotics
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Beta-Lactams

»Some reports state lower nephrotoxic
potential of aztreonam compared with
cephalosporins and penicillins

» cephalosporins cefoxitin and cefazolin,
Interfere with the assay and can increase
apparent creatinine concentration without
causing kidney Injury




Trimethoprim/Sulfamethoxazole

» Trimethoprim/Sulfamethoxazole
Increasing creatinine concentration
without causing significant kidney injury

» Bactrim-induced hyperkalemia may
progress to flaccid paralysis, cardiac
conduction disturbances,and life-
threatening arrhythmia (complete heart
block, ventricular fibrillation).




Fluoroquinolones
Ciprofioxacin vs. Levofiloxacin
vs. Moxifloxacin

Fluoroguinolones -

| JJ Medicine E:S 1

» Ciprofloxacin carries the highest estimated
risk for AKI (risk ratio [RR] 2.76, followed by
moxifloxacin and levofloxacin.

»AIN, with some cases showing granulomatous
Interstitial nephritis or crystal deposition when
urine pH is greater than 6.8

» A few cases of TMA after levofloxacin use
have been reported.




Vancomycin
» Bacterial Targets

\ JJ Medicine t—j ‘

Vancomycin

»Nephrotoxicity has been a major concern for
the use of vancomycin since its approval In
1958

» Significantly lower AKI than
aminoglycosides or amphotericin B but higher
than daptomycin or linezolid.

» The onset of AKI occurs after 4-8 days of
therapy with subsequent improvement after
discontinuation of the medication.




Vancomycin
Bacteri arget

Vancomycin
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» The underlying mechanisms
supported by several studies Is
proinflammatory oxidation,
mitochondrial dysfunction,and
cellular apoptosis leading to proximal
tubular Iinjury and, when extensive,
also ATN.




R E PO R T s CLINICAL RESEARCH

KIReports.org

Vancomycin-Associated Tubular Casts W) Gheck for updates
and Vancomycin Nephrotoxicity

Ngoentra Tantranont', Yosu Luque®?, Mary Hsiao', Claire Haute', Lillian Gaber’,
Roberto Barrios', Horacio E. Adrogue”, Aissata Niasse® and Luan D. Truong’

»VTC displays a characteristic morphologic
profile amenable to ready recognition in biopsy
specimens. It results from coprecipitation of
vancomycin and uromodulin

» |t may have a nephrotoxic effect
superimposing on and independent from the
ATN or interstitial nephritis in the pathogenesis
of vancomycin nephrotoxicity.

S g U yauS gigyds / Kidney Int Rep (2021) 6, 1912-1922



R E P O R T S CLINICAL RESEARCH

KIReports.org

Vancomycin-Associated Tubular Casts | ) Gheck for updates
and Vancomycin Nephrotoxicity

Ngoentra Tantranont'“, Yosu Luque®”, Mary Hsiao', Claire Haute', Lillian Gaber’,
Roberto Barrios', Horacio E. Adrogue®, Aissata Niasse” and Luan D. Truong'
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The background changes include acute tubulointerstitial nephritis (a), or acute tubular
necrosis with a minor interstitial inflammation
(b). Vancomycin-associated tubular casts (VTCs) are noted in each biopsy
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Risk factors for vancomycin
nephrotoxicity

» Pre-existent kidney disease
» Severity of illness
» Concomitant nephrotoxic

»Medications (primarily aminoglycosides or
piperacillin/tazobactam)

» Total daily dose
» Area under the curve
» Method of administration




Potential risk factors associated with
VA-AKI

Potential Risk Factors

o  Effective intravascular volume depletion
o  Concurrent acute illness: acute kidney injury or acute kidney disease,
Modifiable systemic infection/inflammation, hypotension, immunosuppression
state, increased disease severity, electrolyte, and
acid-base disturbances

Older age

Female gender

Race

Allergic response to drugs

Non-modifiable Altered pharmacogenetics {kidlney drug transporters, cytochrome
P450 enzyme gene polymorphisms)

o  [Pre-existing systemic comorbidities: chronic kidney disease,
nephrotic syndrome, advanced liver cirrhosis, obstructive jaundice,
cardiovascular comorbidities (including heart failure), diabetes
mellitus, obesity, immunosuppression state

, lldney Dlseases | Volume 13 | Numbper 1 | January 2019
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Polymyxins (Colistin and Polymyxin B)

» The estimated prevalence of nephrotoxicity ranges
from 0% to 50%.

» Some of the clinical manifestations of polymyxin-
Induced nephrotoxicity are ATN, proteinuria,and
cylindruria.

» Polymyxins promote ion and water influx through
Increased permeability of tubular epithelial cell
?ew‘branes, leading to cellular swelling and cell

eath.

» Another antimicrobial in this class, colistin
(polymyxin E), has also been associated with
Increased risk of AKI with a few cases displaying
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Schematic diagram of the proposed
mechanisms of polymyxin-induced
apoptosis

. Colistin _

FasLO OFasL
)

0 0 DEEI;ZII;IECEIJ[GI' h J‘“: Cell cycle arrest™ Fé%"ﬁt*
way A M
P O = Col !‘fstm - o ath

\ MDA SODY CATY Sy Streg
5
tBia RJS A

activation

A |F~———

ROS
' .""_H'FF'

Caspase-8 Caspase- jaapye \5 DNA Caspase-9 Caspase-12

activation Independent damage activation  activation

NF kB e
s /
Lesgend pase-3 Caspase-3

actlvatlnn-h,_i activation

—l Inhibit *Ir'u::re.aﬂe
— Pomote *Deu'ﬂase

S g ByuuSyigyds

Kidney and Nephrotoxins

imental Medicine and Biology 1145, https: //doi.org/10.1007/978-3-030-16373-0_18
/



Amelioration of Polymyxin-Induced
Nephrotoxicity

» N-acetylcysteine (NAC)

» Ascorbic acid (50 or 200 mg/kg)
» Melatonin, 100 or 400 mg/kg

» Polyaspartic acid

» Grape seed extract

» Methionine




Strategies Prevention of
Antimicrobials AKI

» Creatinine clearance or estimated GFR-based dose adjustment
» Assay and adjustment based on trough or random levels

» Adequate and appropriate hydration

» Avoidance of concomitant nephrotoxins

» Daily assessment of antibiotic indications, and use of short
antibiotic courses,

» It long-term antibiotic is required, regular assessment of kidney
function

»Use vitamin E, vitamin C, N-acetylcysteine, erythropoietin, a-
lipoic acid, curcumin,or statins to prevent antimicrobial-
Induced AKI




Mechanisms and Prevention of Acute Kidney Injury
Induced by Different Types of Antibiotics

Antibiotics Related drugs Mechanisms Preventions Hemaodialysis
Aminoghycosides Gentamicin, Cytoboodcity, Statins, Effective dearance®
Arniikacin, Cecrease in kidney  Prolonged interval
Streptomycin perfusion pressure dosing,
Mebulised
aminoglycosides
Antituberculouws Isoniazid, Hypersensitive Effective dearance (pyrazinarmide)
Rifampicin, reactions Poor clearance | [arge molecularwsight, wide
Ethambuitol distribution, high protein binding, rapid hepatic
clearance or adherence to the dialyzer membrane
of isoniazid, rifampicin and ethambutol}*1-=
Amphotericin B Amgphotenicin B Cytoboaeity, Liposomal Poor clearance [widely volume of distribution,
Cecrease in kidney  amphotericin B, lipophilicity, large size 224 daftons, and highly
perfusion presswre Macetyleoysieine, protein bound > 280%™
Saline loading,
Showing infusion
spe=ed
Beta-lactams Carbapenems, Cytotoxicity, Feduce the Effective dearanos™
Cephalosporins, Hypersensitive combination with
Penicllins reactions Vancormyein
Macrolides Azithromyein, Hypersensitive Poor clearance (widely volumes of distribution, high
Clarithirommcin, reactions molecular weights 700 O to 1100 Da) ™
Roxithromycin
CQuinokones Lewofloxacin Hypersensitive Appropriate Effective dearance’™
Ciproficeacing reactions, Fvydration
Morfloxacin Crystalline
nephropathy
Vancomyein Vancomycin Coytoboacity Cilastatin, Effective dearance®™ ™
Antioxidants
uyﬂdney Diseases | Volume 13 | Number 1 | January 2019
-’ 45 g Loy gigyds

Kidney and Nephrotoxins



i I




