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INTRODUCTION

Acute kidney injury (AKI) is a very common diag-
nosis in both hospital and pre-hospital environments 
and may reach 60% of patients hospitalized in an inten-
sive therapy unit. There has been a growth in its inci-
dence in recent decades, which can be explained by an 
increase in risk factors such as advanced age, chronic 
kidney disease (CKD), and diabetes mellitus. Epidemi-
ological studies show that nephrotoxicity is the third 
most common cause of AKD (Acute Kidney Disease), 
which has become worst in recent decades due to the 
more frequent use of drugs with the potential to cause 
kidney damage, with studies showing a frequency up 
to 20% of nephrotoxic drug use in critical patients1.

Although safety studies are necessary for the 
release of new drugs, side effects are often detected 
only after they are put into the market, when they 
start being used by different populations on a global 

scale. The reason for such high rates of drug-induced 
kidney injury is the function of drug and metabolite 
excretion performed by the kidneys, with the conse-
quent exposure of its structures with high energy need 
(glomeruli and tubules) to the high concentration of 
exogenous substances2.3. 

Drug-induced nephrotoxicity is defined by the pres-
ence of any kidney injury caused directly or indirectly 
by medication. The presentation varies from an acute 
or chronic reduced glomerular filtration rate (GFR) to 
nephrotic syndrome and hydroelectrolytic disorders 
(HED) related, respectively, to glomerular and tubular 
damage. For epidemiological purposes, most studies 
only consider an increase in creatinine, hindering a 
precise analysis of the true magnitude of the problem1. 

The loss of GFR is a late marker of kidney injury, 
and other biomarkers are being researched to allow 
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A common problem when investigating the main 
etiology of AKI is the absence of tests to define the 
predominant mechanism of the injury. In clinical 
practice, it is common to have patients that are sep-
tic, hypotensive, with signs of dehydration, and on 
medication that is possibly toxic, all common causes 
of kidney injury.

To suggest causality, some criteria are proposed6:
• Exposure to the agent for at least 24 hours.
• Injury mechanism related to a drug compatible 

with the condition presented.
• Investigation of other causes of nephropathy with 

evolution or clinical manifestations that are not com-
pletely compatible.

Knowing the risk populations is essential for the 
prevention and early diagnosis of nephrotoxicity. 
The main risk factors are related to the reduction of 
the renal functional reserve (glomeruli without the 
ability to increase the filtration rate), a larger con-
centration of drugs on the tubules, and synergistic 
injury mechanisms. Some examples are drugs with 
vasoconstrictor effect associated with diuretics and 
drugs that compete for the transporter responsible 
for tubular secretion, increasing the cytoplasm con-
centration, such as in the combination of cisplatin 
and aminoglycoside7.

TABLE 1. RISK FACTORS RELATED TO NEPHROTOXICITY 
BY DRUGS

Advanced age Hypovolemia Chronic kidney disease
>1 nephrotoxic Hypoalbuminemia Cardiopathy
Genetic polymor-
phisms

Diabetes Obesity

High doses Hypotension

Renal toxicity can be divided into dose-dependent 
and idiosyncratic. In the first type, both the prevention 
and the treatment involve minimizing the duration 
and concentration of the drug, especially in situations 
associated with higher risk, such as the concomitant 
use of other nephrotoxic substances, renal ischemia, 
and patients with CKD. In the second type, there are 
few measures associated with the prevention and, in 
general, the treatment involves completely avoiding 
the drug. Examples of the first type are vancomycin, 
aminoglycosides, cisplatin, methotrexate, nonsteroi-
dal anti-inflammatories, while the second are causes 
of acute interstitial nephritis, like proton pump inhib-
itors, beta-lactams, and some causes of thrombotic 
microangiopathy (TMA), such as CNi.

for an earlier intervention, which could improve the 
prognosis of these patients. Although there is no ben-
efit proven by high-quality studies, there are some 
promising candidates: 

• KIM - 1 (Kidney Injury Molecule - V1), adhesion 
molecule produced in the proximal convoluted tubule 
(PCT), which is increased in urinary concentration in 
situations of ischemia and drug toxicity, with accu-
racy demonstrated for cisplatin, gentamicin, and 
cyclosporine, in some cases with increase 48 hours 
after the introduction of the toxic agent and before 
the GFR reduction.

• Beta-2 microglobulin is a protein produced mainly 
by lymphocytes that increases its urine concentration 
in inflammatory diseases, including infections, and 
autoimmune diseases. It is filtered at the glomeru-
lus, reabsorbed in the TCP, and considered a marker 
of tubular injury.  A study on kidney transplantation 
showed an increase before the worsening of kidney 
function in patients with toxicity by calcineurin inhibi-
tor (CNi), with high accuracy to differentiate rejection.

• Clusterin, a protein involved in the process of 
apoptosis and antiapoptosis found in various organs, 
including the kidney. It is not filtered and, in the 
tubules, is produced in stress situations to prevent cell 
death. Its greater accuracy in the diagnosis of tubu-
lar damage has been demonstrated, when compared 
to creatinine, with the use of cisplatin, vancomycin, 
tacrolimus, and gentamicin. It presents as much early 
increase as KIM-1 and does not increase in patients 
with glomerular damage.

• Cystatin C, a protein produced by all nucleated 
cells and filtered freely. It is completely reabsorbed in 
the proximal tubule and classically used as a way of 
estimating the GFR in conditions under stable kidney 
function conditions, in which the creatinine clearance 
is less reliable, such as in cirrhotic patients. Studies on 
amphotericin B, polymyxin, vancomycin, and cisplatin 
have shown a better correlation with renal toxicity 
when compared to creatinine4. 

EPIDEMIOLOGY

The AKI epidemiology varies according to the cri-
teria used and the profile of the hospitals included in 
each study, but the proportion related to drug toxicity 
reaches 25% of the cases. Approximately 20% of the 
cases require renal replacement therapy, which is 
related to increased mortality, with rates of over 60% 
in developing countries1.5.
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TABLE 2. COMBINATIONS OF DRUGS WITH 
SYNERGISTIC NEPHROTOXICITY

Cyclosporine/NSAIDS + Diuretic/ACEI/ARB 
Aminoglycoside + Cisplatin/Cephalothin
Vancomycin + Piperacillin-tazobactam 
Cyclosporine + Simvastatin
Methotrexate + Penicillins/Salicylate/Sulfas

To facilitate the diagnostic approach, it is important 
to know the clinical manifestations that are charac-
teristic of each nephrotoxic drug; some of the most 
common are acute and chronic reduction of GFR, 
tubulopathies, and glomerulopathies, which will be 
illustrated below. To make matters more complicated, 
several agents present mixed characteristics, and it is 
common to have non-oliguric AKI with signs of PCT 
injury. We will not include drugs whose mechanisms 
of renal injury are indirect since they are not consid-
ered as primarily nephrotoxic, although they may be 
a cause for AKI. Some examples are loop diuretics, 
which can lead to dehydration, and renin-angioten-
sin-aldosterone system (RAAS) inhibitors, which cause 
vasodilation of the efferent arteriole, reduced intraglo-
merular pressure, and consequent worsening of renal 
function in risk situations, such as in patients who 
are septic, dehydrated, or with renal artery stenosis.

ACUTE RENAL DISEASE / ACUTE KIDNEY 
INJURY
Nonsteroidal anti-inflammatory drugs 
(NSAIDs)

Medication widely used around the world, usually 
of easy access without prescription and considered 
one of the main causes of nephrotoxicity caused by 
drugs. The main risk factor is relative or absolute 
hypovolemia due to its action inhibiting the prosta-
glandins, causing vasoconstriction of the afferent arte-
riole. Examples of susceptible populations are patients 
with sepsis, decompensated congestive heart failure, 
cirrhosis, dehydration, or in use of agents that act on 
the renal hemodynamics (cyclosporine, iodinated con-
trast, RAAS inhibitors). 

NSAIDS have the ability to cause injury in virtually 
any renal compartment; its main effects are described 
in table 3. Most renal side effects are observed on 
all subclasses; however, a recent study showed that 
the incidence of nephrotic syndrome could be more 
related to the use of the non-selective type, especially 
when for more than 15 days and up to 2 years after 
exposure to the drug. Preventive measures involve 

choosing other options for analgesia in patients with 
increased risk of AKI, maintaining it for the minimum 
time possible, and correcting hypovolemia when 
present8.9.

VANCOMYCIN

A widely used antibiotics against gram-positive 
hospital bacteria, it is a cause of AKI in 5 to 15% of the 
patients, depending on different specific risk factors, 
such as daily dose > 4g, treatment time > 14 days, 
and high serum concentration, although there are 
cases even at therapeutic level (15 to 20 mg/L). Oral 
vancomycin, due to its low absorption, is not a cause 
of toxicity.

The injury mechanism is unclear, but some exper-
imental studies suggest the induction of tubular isch-
emia due to oxidative stress. Recently, the formation 
of vancomycin cylinders with uromodulin has been 
demonstrated, especially with high plasma values, and 
with early increased creatinine when compared with 
other nephrotoxic drugs2. The association with other 
potentially nephrotoxic drugs is a well-determined 
risk factor, as well as in other cases. For reasons that 
are not well described, the combination with pipera-
cillin-tazobactam causes a synergistic effect for renal 
injury, something unexpected due to the non-toxicity 
of the drug alone10. 

The treatment of choice is changing the medication 
by others with a similar spectrum of action, such as 
linezolid and daptomycin. Some studies suggest that 
teicoplanin could have a better safety profile, despite 
being in the same class, but there is no consensus 
regarding that information. In cases which it is not 
possible to interrupt the use of the drug, the most 
effective preventive measure is to monitor serum 
levels. After the end of the treatment, renal function 
tends to return to baseline levels11.

AMINOGLYCOSIDES 

The emergence of multidrug-resistant gram-neg-
ative bacteria susceptible to this ancient class of 
antibiotics is responsible for its growing use in 
recent decades, despite the high incidence of renal 
toxicity. Drugs are filtered in the glomerulus, with 
partial resorption in the PCT, via a receiver named 
Megalin. Inside the tubular cell, there is a connec-
tion with membrane phospholipids, with loss of pro-
tein synthesis and reduction of the mitochondrial 
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function and consequent cell death, which happens 
in a greater proportion with more cationic molecules, 
such as gentamicin.

Their more severe adverse effects are nephro and 
ototoxicity, with an incidence of up to 50% of non-oli-
guric AKI in high-risk patients, often with EHD, such 
as hypokalemia and hypomagnesemia. Several factors 
influence the ability to cause damage, such as concom-
itant renal ischemia, high serum concentration, and 
dosage with multiple daily doses.

Due to the high prevalence of renal toxicity, the 
KDIGO (Kidney Disease Improving Global Outcomes) 
recommendation is to avoid aminoglycosides when-
ever there is another less toxic antimicrobial option, 
which unfortunately is not often possible. In these 
cases, specific measures to minimize the damage must 
be carried out, such as the correction of hypokalemia 
and hypomagnesemia before the infusion, short time 
of use (<10 days, preferably), avoid use in hypovolemic 
patients, dosage one time per day, and dose adjusted 
according to the serum level. In the case of amikacin, 
the suggested concentration in the first hour is > 20 
μg/mL and after 18-24h < 5 to 8 μg/mL.  High valley 
values are related to nephrotoxicity incidence and 
must be corrected by increasing the intervals between 
infusions5. 

After discontinuation of the drug, the patient can 
continue presenting worsening of renal function for 
days, due to the slow clearance mechanism of the 
medication in the tubular cell. Despite this, the prog-
nosis is apparently good, with a return to baseline 
renal function in most cases after the medication has 
been interrupted. However, some authors suggest irre-
versible damage and hyperfiltration of the remaining 
glomeruli as the mechanism responsible for the appar-
ent recovery of renal function12.

CISPLATIN

Platin derivates are old chemotherapeutic agents 
that remain widely used for the treatment of various 
cancers, such as those of the digestive tract and lungs. 
The risk of AKI was evaluated in a 6-year cohort that 
included over 800 patients, with an incidence of 34%; 
however, there were no cases of progression to end-
stage kidney disease.

The damage is caused mainly in PCT, where the 
drug is internalized in the S3 segment through the 
OCT-2 (organic cationic transporter 2), and, in high 
concentrations, it causes DNA injury, with consequent 

cell death. Cisplatin also has a vasoconstrictor effect, 
and there have been rare reports of TMA cases. In 
addition to reducing the GFR, it also causes hypophos-
phatemia, glycosuria, and hypomagnesemia (the lat-
ter in > 40% of the cases). As prophylaxis in high-risk 
patients, it is recommended to reduce the dose of the 
medication, perform absolute or relative hypovolemia 
correction, and replacement the drug by carboplatin 
or oxaliplatin, when possible13.14. 

METHOTREXATE

An immunosuppressant frequently used in the 
treatment of autoimmune diseases that is related to 
AKI in high doses (> 500 mg/m², only used in che-
motherapy against hematological neoplasms and 
sarcomas), with an incidence of up to 12%. There is 
the formation of crystals in the distal tubule, which 
causes local inflammation and necrosis through the 
formation of oxygen free radicals. The main risk fac-
tors are toxic drug interactions (sulfas, beta-lactams, 
salicylates), the dose used, the presence of ascites or 
pleural effusion, and the characteristics classically 
associated with nephrotoxicity. 

Preventive measures include high doses of folinic 
acid and intravenous hydration, preferably with an 
isotonic bicarbonate solution, to correct possible hypo-
volemia and to alkalinize the urine; these measures 
are effective to reduce the medication crystallization. 
Some protocols suggest infusion up to 200 mL/hour 
with a total of up to 2 liters before initiating meth-
otrexate, with a measurement of urinary pH every 
hour and extra infusions if the target of > 7.0 could 
not be reached. The plasma concentration of the drug 
can be measured with specific targets depending on 
the protocol used (most suggests < 0.1 µmol/L). In 
cases of injury that is already established, there is 
the option of glucarpidase, which acts with high effi-
ciency in the enzymatic cleavage of the drug; another 
option is intermittent or extended high-flow hemodi-
alysis, with special care regarding rebound in plasma 
concentration13.15.

GLOMERULAR
VEGF (vascular endothelial growth factor) In-
hibitors

VEGF is produced by podocytes and is respon-
sible for maintaining the proper functioning and 
integrity of the glomerular basement membrane. 



DRUG-INDUCED NEPHROTOXICITY

REV ASSOC MED BRAS 2020; 66(SUPPL 1):S:82-S90 86

Inhibition can be direct through receptor inhibitor 
ligands (bevacizumab) or indirect with anti-angio-
genic tyrosine kinase inhibitors (sorafenib and suni-
tinib). These are classes of chemotherapeutic agents 
widely used, especially in gynecological and pulmo-
nary neoplasms. 

Two of the main side effects are hypertension 
and proteinuria, with incidences respectively up to 
22 and 72%, with a dose-dependent effect. However, 
less than 5% of cases present nephrotic proteinuria. 
Renal biopsies have shown several findings, includ-
ing TMA and collapsing glomerulopathy. Suspend-
ing the drug is the treatment of choice, but there 
are cases of proteinuria persistence even after sus-
pension. Nephroprotection with RAAS blockers is 
then recommended.

CHECKPOINT INHIBITORS

Monoclonal antibodies called immunotherapy that 
act by increasing the T lymphocyte response against 
cancer cells. The main subclasses are the CTLA-4 
(cytotoxic T-lymphocyte-associated protein) inhibitors, 
with ipilimumab as an example, and PD-1/PDL-1 (pro-
grammed cell death ligand), such as nivolumab and 
pembrolizumab. They are available for the treatment 
of multiple metastatic neoplasms, such as lung can-
cer and melanoma, with excellent results considering 
advanced staging. 

The main side effects are of immune mechanism, 
and the most common renal manifestations involve 
both acute interstitial nephritis and glomerulonephri-
tis with different histological patterns (DLM, crescen-
tic, membrane proliferative, membranous). There 
have been reports of proteinuria and hypertension in 
16% of the patients who used nivolumab and multiple 
agents with evolution to acute interstitial nephritis 
and a reported incidence of AKI of 2% among users of 
this class of medications.

Because of the various possible causes related 
to renal dysfunction in oncologic patients, the cur-
rent recommendation is to perform a renal biopsy 
whenever there is doubt about the etiology and, in 
the presence of acute interstitial nephritis, the recom-
mendation is to start prednisone 1 mg/Kg and maintain 
the medication in mild cases, suspending it in cases of 
stage KDIGO 2 or 3 of AKI. It is not recommended to 
resume the use of medication in cases of improvement 
when the initial involvement was considered severe 
due to the high rate of recurrence16.

BISPHOSPHONATE

Class of drugs used as first-line treatment for oste-
oporosis and hypercalcemia of malignancy that acts 
by inhibiting osteoclasts, with a consequent reduc-
tion in the reabsorption of the bone matrix. It is com-
posed of several different agents, but regarding renal 
damage, the main ones involved are pamidronate 
and zoledronate.

The main clinical manifestation is proteinuria, and 
collapsing FSGS is the most typical anatomopatho-
logical finding. There have also been reports of AKI 
soon after the infusion, with a mechanism that likely 
involves the apoptosis of tubular cells, and this is 
reported mainly when the infusion is faster than rec-
ommended. Both clinical presentations are rare, and 
the prognosis is relatively good after discontinuation 
of medication17.

TUBULOPATHY
Amphotericin B	

Medication used to treat various systemic myco-
ses with at least three presentations available on the 
market, deoxycholate, liposomal, and lipid complexes. 
The main difference between them is the degree of 
renal toxicity, with the first being the most toxic, with 
rates up to 80%. The injury mechanism involves dif-
fuse and direct tubular injury through the increase of 
permeability of the cell membrane, and ischemia that 
is induced by vasoconstriction of the afferent arteri-
ole, which explains why hypotension, use of RAAS 
inhibitors, and low intravascular effective volume are 
important risk factors.

The most common clinical manifestations are hypo-
kalemia, hypomagnesemia, urinary concentration 
defect, and metabolic acidosis, in addition to reduced 
GFR, and they begin, in general, after one week of med-
ication use. In patients with a high risk of kidney tox-
icity who evolve with an increase in serum creatinine 
after the beginning of medication, it is recommended to 
change it for less toxic formulations or different classes 
of antifungal agents, particularly echinocandins and 
voriconazole. In cases in which there is no alternative 
to the use of amphotericin deoxycholate, it is recom-
mended to increase the time of infusion, hydration 
pre-infusion (500 to 1000 mL), and HED monitoring 
and correction as preventive measures for AKI. The use 
of amiloride and spironolactone showed good results 
in the prevention of hypokalemia. Although the recov-
ery of renal function is common after some weeks of 
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discontinuation of the drug, the incidence of severe 
acute renal dysfunction was 10% and was associated 
with an increased risk of mortality5.

POLYMYXINS (COLISTIN)

Class of antibiotics whose use made a comeback in 
recent decades due to the emergence of multidrug-re-
sistant gram-negative bacteria, like aminoglycosides, 
which also has a high rate of nephrotoxicity, with an 
incidence of up to 60% of AKI, often associated with 
hypokalemia and hypomagnesemia. There are two 
agents in clinical use currently, polymyxins B and 
E (colistin), which present important differences in 
terms of pharmacokinetics, and a need for adjusting 
the dose based on renal function in the case of colistin. 
The injury mechanism involves increased permeabil-
ity of the cell wall and consequent edema and lysis, 
particularly in PCT.

Regarding the difference in toxicity, there is contro-
versy about whether there is a lower incidence of renal 
toxicity with polymyxin B, and there is a prospective 
study that shows a lower incidence of the advanced 
stage of AKI, although with no difference in mortality18. 
Part of the difference may have occurred due to the 
difficulty in determining the optimum dose of medica-
tion according to the renal function. Despite the good 
renal prognosis after discontinuation of the drug, this 
is often not possible due to the importance of adequate 
treatment of the infection, in many cases with evolution 
to severe renal lesion requiring renal replacement ther-
apy. There is no specific treatment for nephrotoxicity, 
so the recommendation is to monitor and correct HED 
and prioritize the treatment for the infection, with a 
tendency to correct the dose of colistin based on renal 
function, but not polymyxin B8.19.

TENOFOVIR

Antiretroviral therapy classified as nucleotide 
reverse transcriptase inhibitor and with widespread use 
since the beginning of the century for the treatment of 
HIV and hepatitis B. It is an integral part of the first-line 
regimen in Brasil due to its good tolerance, low resis-
tance induction, and favorable dosage. However, it is not 
free from side effects; proximal renal tubulopathy and 
bone dystrophy, in particular, have been well described. 
The drug is internalized in the PCT cell by OAT-1 and 
3 (organic anion transporter), where, in high concen-
trations, it inhibits essential functions associated with 

substance transport. The initial clinical manifestations 
are proteinuria, hypophosphatemia, and glycosuria, in 
some cases evolving to CKD. 

The exponential increase of users of this medica-
tion, with the broadening of indication of HIV treat-
ment and the emergence of pre and post-exposure 
prophylaxis (currently, all patients are treated, regard-
less of CD4 and frequent communication) has made 
its toxicity even more evident. Several authors have 
demonstrated more frequent loss of renal function in 
patients who were chronic users of tenofovir, both as 
prophylaxis and treatment, and even over relatively 
short periods (6 to 48 months).  Some specific risk fac-
tors related to tubular damage are the duration of drug 
use, association with protease inhibitors, especially 
atazanavir and ritonavir, previous reduction of GFR, 
systemic arterial hypertension, and age > 50 years.

It is recommended to frequently monitor the renal 
function and markers of tubular injury, such as gly-
cosuria and phosphaturia. Brazilian guidelines for the 
treatment of HIV from 2018 advocate for the replace-
ment of the drug in patients with a reduction of 25% 
of the baseline GFR or when < 60 mL/min/1.73m2. Cur-
rently, the wide variety of classes against HIV allows 
the exchange without prejudice for the control of the 
disease.  In addition, since 2015, there is a prodrug 
with much lower renal toxicity approved by the FDA 
(Food and Drug Administration) called TAF (tenofovir 
alafenamide), but it is not available in Brasil. In high-
risk patients, one option is to suspend the medication 
depending on the progression of PCT lesion markers, 
even before the reduction of GFR20.21. 

CHRONIC KIDNEY DISEASE
Calcineurin inhibitors

Class of immunosuppressive agent essential in the 
prevention of rejection in solid organ transplantation 
and in the treatment of various glomerulonephritis. 
It is represented by cyclosporine and tacrolimus. 
Several mechanisms associated with CNi can cause 
renal injury, among the main ones are vasoconstric-
tion of the afferent arteriole, hypertension, TMA, and 
induction of tubule-interstitial fibrosis and atrophy, 
with some authors suggesting a more pronounced 
hemodynamic effect with cyclosporine. The clinical 
presentation is also quite varied and may cause loss of 
glomerular filtration rate both acutely, by acute renal 
ischemia, and progressively over the years, with arte-
riolar and interstitial injury. 
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The prevalence of nephrotoxicity is quite varied 
and is directly related to the exposure time and high 
plasma concentrations. In patients with glomerulo-
nephritis and kidney transplantation, there are many 
confounding factors that complicate the analysis of 
incidence, but in other solid organs, the prevalence 
of CKD reaches 30%, with studies suggesting the use 
of CNi as one of the main factors associated with it. 

For the treatment, it is recommended to monitor 
plasma concentrations closely, but the decision to con-
tinue using the medication depends on the disease. In 
glomerulopathies, it is feasible to try other options 
of immunosuppressants, but in transplantations, the 
risk of nephrotoxicity, so far, is considered lower than 
that of rejection, so changing the medication is only 
suggested in particular situations, such as in some 
cases of TMA. Scenarios that evolve with AKI mainly 
associated to the vasoconstrictor effect tend to be 
reversible, unlike the slow and gradual loss associated 
with chronic nephrotoxicity22. 

 

DISCUSSION

The evolution in the treatment of severe diseases, 
such as cancer and infections, with the emergence 
of increasingly effective drugs with different mecha-
nisms of action, is a reality in medicine today. How-
ever, these medications bring various side effects, 
new and old, and nephrotoxicity is one of the most 
common and with the greater morbidity.

The focus of the treatment is trying to minimize 
the harm that can be caused by renal toxicity. Thus, 
early recognition of the condition is essential. In 
addition to the biomarkers already described in this 
text, other measures are emerging to minimize this 
problem. The use of electronic systems that alert 
the nephrologist for evaluation when the laboratory 
detects an increase in serum creatinine, with or with-
out prescription of nephrotoxic drugs, has been well 
studied recently. Although still controversial, there 
is a tendency toward improvement this mechanism 

TABLE 3. CORRELATION BETWEEN CLINICAL SYNDROMES, INJURY MECHANISMS, AND MEDICATIONS.

Medications Syndromes Injury mechanism
NSAIDs AKI

CKD
Glomerulopathy

Vasoconstriction AA / AIN
TAIF
MID / MG

CNi AKI
CKD

Vasoconstriction AA / TMA
TAIF

Aminoglycosides
Cisplatin

Tubulopathy
AKI

Proximal tubular injury
Diffuse tubular injury

Polymyxins
Amphotericin B

Tubulopathy
AKI

Diffuse tubular injury
Vasoconstriction AA

Tenofovir Tubulopathy
CKD

Proximal tubular injury
Chronic interstitial nephritis

VEGF inhibitors
Gemcitabine
ImTOR

Glomerulopathy
AKI

Podocyte injury
TMA

Checkpoint Inhibitors Glomerulopathy
AKI

Glomerulonephritis
AIN

PPI
Beta-Lactams
Allopurinol
Any drug 

AKI AIN

Topiramate
Amoxicillin
PI
Acyclovir
Methotrexate

Nephrolithiasis
AKI

Formation of crystals with induction of forma-
tion of calculi and tubular toxicity

Pamidronate
Infliximab

Glomerulopathy Collapsing FSGS

Vancomycin AKI Generalized tubulopathy
Cylinder formation

Dextrans
IVIG

AKI Hyperosmolarity

AA = afferent arteriole, MID = minimal injury disease, GM = membranous glomerulopathies, TAIF = tubular atrophy and interstitial fibrosis, imTOR =  inhibitors 
of mammalian target of rapamycin, PPI = proton pump inhibitors, PI = protease inhibitors, FSGS = focal segmental glomerulosclerosis, IVIG = intravenous human 
immunoglobulin.
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is used due to early application of measures against 
nephrotoxicity, such as the correction of dose, mini-
mization of non-essential medications or particularly 
toxic combinations, and correction of hypovolemia, in 
addition to the investigation of other causes for renal 
disease23. 

Another point that is being well studied is phar-
macogenetics. It is known that some patients have a 
genetic predisposition to certain side effects related 
to the medication. One of the mechanisms already 
known involve transporters of drugs present in the 
PCT, with OAC and MRP (multidrug resistance pro-
tein transporter) mutations and proven involvement in 
more serious cell damage. This information can be use-
ful when deciding to prescribe potentially toxic medi-
cations and the best way to follow-up these patients. 
In addition, in the future, they may become specific 
therapeutic targets, with the creation of medications 
with structures that allow lower concentration in the 
tubular cell, as is the case of tenofovir alafenamide2. 

Since, so far, technology has not created perfect 
drugs exempt from adverse effects, the priority in 

cases of nephrotoxicity is based on the knowledge of 
risk populations, early diagnosis, and in general mea-
sures that can minimize the damage, such as correct-
ing the dose of the medication based on the patient’s 
renal function, something simple that, unfortunately, 
is not always carried out appropriately. Replacing 
nephrotoxic medications by others similar and less 
harmful, correcting the hypovolemia and HED, reduc-
ing the duration of treatment when possible, monitor-
ing the serum levels, and avoiding particularly toxic 
combinations are cost-effective ways to significantly 
decrease the incidence of drug-induced renal injury, 
a common complication that can have great repercus-
sion in patients treatment.
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RESUMO

A lesão renal aguda é um diagnóstico muito comum, presente em até 60% dos pacientes críticos, e sua terceira maior causa é a 
toxicidade de medicamentos. A nefrotoxicidade pode ser definida como qualquer lesão renal causada por medicamentos, direta ou 
indiretamente, tendo a insuficiência renal aguda, tubulopatias e glomerulopatias como apresentações clínicas comuns. Alguns exem-
plos de drogas comumente associadas à redução aguda da taxa de filtração glomerular são anti-inflamatórios, antibióticos, como 
a vancomicina e aminoglicosídeos, e agentes quimioterápicos, tais como cisplatina e metotrexato. Casos de tubulopatia são muito 
comuns com anfotericina B, polimixinas e tenofovir, já casos de glomerulopatias são comuns com inibidores de VEGF, bisfosfonatos e 
imunoterapia; também é comum ocorrer mais de uma apresentação clínica relacionada a um único agente. O diagnóstico precoce é 
essencial para a boa evolução do paciente, com a redução da exposição ao agente tóxico, o que requer conhecimento dos fatores de 
risco e biomarcadores. Medidas gerais, tais como a correção de distúrbios hidreletrolíticos e da hipovolemia, o monitoramento do nível 
sérico, evitar combinações com sinergia de lesão renal e procurar opções semelhantes e menos tóxicas são os alicerces do tratamento 
de complicações que são comuns e, muitas vezes, evitáveis.

PALAVRAS CHAVE: Efeitos colaterais e reações adversas relacionados a medicamentos. Lesão renal aguda. Túbulos renais.
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