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Drugs cause approximately 20%-40% of 
acute kidney injury (AKI), perhaps as 
high as 60% of AKI in the elderly 
population.

Aminoglycosides and beta-lactams are 
considered 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
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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
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Patient factors that increase risk 
for drug-induced nephrotoxicity

Clin J Am Soc Nephrol 13: 1897–
1908, December, 2018
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Kidney factors that enhance risk 
for drug-induced nephrotoxicity

Clin J Am Soc Nephrol 13: 1897–1908, 
December, 2018
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The pathogenic mechanisms of 
antibiotic-induced nephrotoxicity

Iranian Journal of Kidney Diseases | 
Volume 13 | Number 1 | January 2019
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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 
discontinuation of the medication
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Aminoglycosides

The typical clinical manifestation of 
aminoglycoside toxicity is 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).
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Risk factors of aminoglycoside antibiotics related to
patient and treatment characteristics, and to the
concomitant administration of other drugs

Kidney International (2011) 79, 33–45
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Mechanisms and cell signaling pathways 
underlying the cytotoxic effect of 
gentamicin

Kidney International (2011) 79, 33–45
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Integrative view of the mechanisms 
leading to gentamicin nephrotoxicity

Kidney International (2011) 79, 33–45



مهر ١٥-١٣

تهران-١٤٠١

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

Kidney International (2011) 79, 33–45
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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, reduced 
nephrotoxicity
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Managing amphotericin B-deoxycholate (AmB-D) 
nephrotoxicity
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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
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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
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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).
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Fluoroquinolones

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.
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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.
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Vancomycin

The underlying mechanisms 
supported by several studies is 
proinflammatory oxidation, 
mitochondrial dysfunction,and
cellular apoptosis leading to proximal 
tubular injury and, when extensive, 
also ATN.
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VTC displays a characteristic morphologic 
profile amenable to ready recognition in biopsy 
specimens. It results from coprecipitation of 
vancomycin and uromodulin

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

Kidney Int Rep (2021) 6, 1912–1922
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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
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Potential risk factors associated with 
VA-AKI

Iranian Journal of Kidney Diseases | Volume 13 | Number 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 
membranes, leading to cellular swelling and cell 
death.

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

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

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

Iranian Journal of Kidney Diseases | Volume 13 | Number 1 | January 2019
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