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Abstract 
Kidney disease is a significant global health burden. Drug-induced renal toxicity contributes to acute 
kidney injury and chronic kidney disease worldwide. Conversely, altered kidney function affects the 
pharmacokinetics of drugs. Hence, causing drug toxicity. In this review, we discuss prescription of 
common nephrotoxic drugs in patients with underlying renal impairment, focusing on the 
pathophysiology of toxicity and preventive strategies available to avoid toxicity. 
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Introduction 
Many drugs and their metabolites necessitate normal renal function for metabolism and 
excretion. Hence, pharmacokinetics of drugs excreted via the kidney are influenced by 
kidney disease. These pharmacokinetic alterations range from absorption of drug, plasma 
protein binding, distribution within tissues, to renal elimination, ultimately causing drug 
toxicity from accumulation [1]. Therefore, nonsteroidal anti-inflammatory drugs (NSAIDs), 
antibiotics (Aminoglycosides, beta-lactam antibiotics, and quinolones), anticancer drugs and 
proton pump inhibitors (PPIs) are common nephrotoxic drugs which should be cautiously 
used in patients with underlying kidney disease [2]. Pathophysiological mechanisms of 
nephrotoxicity leading to acute kidney injury (AKI) include direct tubular toxicity, 
vasoconstriction causing impaired renal perfusion, interstitial nephritis, and intrarenal 
crystallization [3]. In this review, we discuss a few commonly prescribed nephrotoxic drugs, 
their pathophysiology of toxicity, and preventive measures to avoid toxicity. 
 
NSAIDs 
NSAIDs are a well-known nephrotoxic drug [2, 4, 5]. Nevertheless, NSAIDs are highly 
prescribed for pain management in patients with underlying chronic kidney disease (CKD) 
worldwide [2, 6–9]. NSAIDs inhibit cyclooxygenase (COX) enzymes and reduce prostaglandin 
synthesis, hence providing analgesic, anti-inflammatory, and antipyretic effects [10, 11].  
The common renal adverse effects of NSAIDs include AKI, acute on chronic kidney disease, 
fluid retention, acute interstitial nephritis and analgesic nephropathy. There are rare 
complications such as nephrotic syndrome and acute or chronic papillary necrosis were 
reported [10, 12-16]. There is a significant association between high doses of NSAIDs exposure 
and incident of CKD in the literature [17]. Furthermore, there is an independent association 
between recent use of NSAIDs and emergency dialysis start in patients with end-stage 
kidney disease (ESKD) [18]. Hence, NSAIDs are contraindicated in advanced CKD and AKI. 
It should be prescribed very cautiously even in early CKD [12]. 
Patients with underlying renal impairment, volume-depleted status, older age, concomitant 
use of ACEI, and ARBs are at higher risk for nephrotoxicity [10, 15]. Because renal toxicity 
can occur in the early course of treatment in high risk ill patients, serum creatinine and urine 
output should be monitored daily until the treatment is over [5, 13, 15]. furthermore, long-term 
therapy and high daily doses of NSAIDs should be avoided, even with normal renal function 
[13, 16]. 
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 It is recommended to avoid concomitant use of diuretics or 
Renin Angiotensin Aldosterone System (RAAS) inhibitors, 
maintain adequate hydration, and consider alternative 
analgesics with low prostaglandin activity such as 
acetaminophen [12, 14, 15, 19]. The current recommendation is 
to avoid prolonged use of NSAIDs if glomerular filtration 
rate (GFR) <60 ml/min/1.73 m2 and discontinuation of 
NSAIDs if GFR <30 ml/min/1.73 m2 [12, 14, 17-19]. 
 
Aminoglycosides 
Aminoglycosides are bactericidal antibiotics with a narrow 
therapeutic index, used in the treatment of infections caused 
primarily by gram negative microorganisms [20, 23]. The 
important side effects of aminoglycosides include 
ototoxicity from accumulations in inner ear and AKI due to 
tubular toxicity [12, 21, 24]. Furthermore, aminoglycosides 
exert a complex tubular, glomerular, and vascular effects on 
the kidney contributing to nephrotoxicity [16, 25]. Its primary 
site of damage is proximal tubular cells [26]. The level of 
nephrotoxicity decreases from neomycin to gentamicin, 
tobramycin, amikacin, netilmicin, and streptomycin, with 
only a marginal variation in toxicity in the middle four drugs 
[26]. The main risk factors for aminoglycoside nephrotoxicity 
include dehydration, diabetes mellitus, CKD, prolonged 
therapy (> 7 days), high trough concentrations (> 2 mcg per 
mL), co-existing liver disease, hypoalbuminemia and 
concomitant use of nephrotoxic drugs and iodinated contrast 
media [15]. 
Aminoglycosides display concentration dependent 
pharmacodynamics. Concentration of the antibiotic relative 
to the minimum inhibitory concentration of the bacteria 
determine the potency of the antibiotic [27]. Interval method 
of drug dosing is preferred for drugs with concentration 
dependent pharmacodynamics, where the dose is kept 
constant while the time interval between doses is lengthened 
[19, 28]. This class of drugs is contraindicated in AKI [13, 21]. 
The therapeutic drug level monitoring and use of correct 
dose according to the eGFR should be carried out in all 
patients [12, 19, 21, 23].  
 
Cotrimoxazole 
Cotrimoxazole, a combination of trimethoprim and 
sulfamethoxazole, is an antibiotic that inhibits folic acid 
synthesis [29]. It has both gram-negative and positive cover 
[29]. Although cotrimoxazole is generally safe, it is 
associated with well-defined adverse effects [29, 30]. 
The important renal insults are hyperkalemia [10, 24, 30, 31] and 
AKI due to acute interstitial nephritis (AIN) [30-33], which are 
dose-dependent side effects [29, 31]. Other uncommon renal 
effects include obstructive tubulopathy and hyponatremia 
[30]. CKD, old age, high prescribed doses, combined use of 
ACEI, ARBs, spironolactone or NSAIDs, diabetes mellitus 
(DM), and acquired immunodeficiency syndrome (AIDS), 
further increases the risk for hyperkalemia [30]. Therefore, 
dosing adjustment is indicated if GFR < 30 mL/min/1.73 m2 
[34]. Furthermore, it is advised to monitor the serum 
creatinine and potassium within the first 2-4 days of 
treatment, since any acute elevations predict drug-induced 
AKI and hyperkalemia, respectively [30, 31, 33]. It would direct 
immediate interventions such as early drug discontinuation.  
 
Amphotericin B 
Amphotericin B is a gold standard antifungal for severe 
fungal infections. Among its adverse effects, nephrotoxicity 

occurring generally within the first 2weeks of therapy is the 
most serious effect [35]. Underlying CKD, rapid infusion, 
large daily doses, deoxycholate formulations, and prolonged 
therapy increases the risk for nephrotoxicity [15, 24]. The 
preventive measures include adequate hydration with 0.9% 
saline before and after administration [sodium loading], 
dose reduction, giving as a continuous infusion over 24 
hours, regular electrolyte monitoring (Na+, K+, Ca 2+, 
Mg2+), using the liposomal formulation over deoxycholate 
preparation, and avoiding prolonged therapy with high doses 
[15, 24, 36]. The current recommendation is to avoid 
amphotericin B unless no other option when GFR <60 
ml/min/1.73 m2 [19]. 
 
Proton pump inhibitors (PPI) 
PPI are another commonly prescribed class of drugs with a 
perceived favorable safety profile. PPI inhibit gastric acid 
secretion by blocking the H+/K+ ATPase enzyme in gastric 
wall cells [37]. Hence, increases the pH of gastric juice. A 
high prevalence of prescribing PPI for CKD patients is 
evident in the literature [37, 38]. One of the common 
indications is acid-related gastrointestinal disorders 
prevalent among CKD patients [37, 39]. Untoward common 
renal adverse events of long term PPI use include AIN and, 
CKD progression [38, 42, 44, 45].  
Therefore, long term PPI should be avoided in CKD. But 
alternative treatment such as H2 receptor inhibitors can be 
considered.  
 
Acyclovir 
Acyclovir is an antiviral agent and a major amount of it is 
eliminated via kidneys [16]. Acyclovir is less soluble in urine 
causing drug crystallization [15, 16]. Hence, deposit in distal 
renal tubules, obstruct the tubules, and provide foci for 
interstitial inflammation, ultimately leading to AKI [15, 24, 49]. 
Other medications causing crystal nephropathy are 
antibiotics (e.g., ampicillin, ciprofloxacin, sulfonamides), 
antivirals (e.g., foscarnet, ganciclovir), indinavir, 
methotrexate, and triamterene [15, 24].  
The risk for crystal nephropathy is augmented in the 
presence of CKD, metabolic disturbances (metabolic 
acidosis, alkalosis, or renal tubular acidosis), combined 
therapy with other nephrotoxic drugs, and volume-depleted 
status [15, 49]. Prevention of crystal nephropathy can be 
achieved by adjusting drug dose to GFR, adequate pre and 
post intravenous hydration with N saline and avoiding 
concomitant nephrotoxic drugs [15, 16, 49]. Acyclovir should be 
given as slow intravenous infusion [16, 49]. 
 
Opioids 
Chronic pain is a common burdensome symptom in CKD 
patients [50]. Hence, adequate pain management is crucial to 
improve the quality of life of the patient. Opioids are a 
commonly used drug modality in pain management. Opioids 
primarily undergo hepatic metabolism and the metabolites 
are excreted via kidneys [51]. With impaired renal function, 
the metabolites which are more potent than parent drug 
accumulates and become toxic [51]. Furthermore, increased 
gastric pH, delayed gastric emptying, and gastrointestinal 
edema in CKD patients increase opioid absorption [50]. 
Frequent adverse effects of opioids include gastrointestinal 
side effects such as constipation, nausea, and vomiting, 
central nervous system effects, and respiratory depression 
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[51, 52]. Patients with CKD stage 5 are more prone to 
experience adverse effects of opioids [13].  
There are no universally accepted evidence-based guidelines 
on the prescription of opioids [50]. However, an opioid 
prescription is recommended if nonpharmacologic 
interventions and nonopioid analgesics fail to achieve 
adequate pain management [53]. Furthermore, it is suggested 
to prescribe opioids along with acetaminophen and/or its 
adjuvant, rather than being prescribed alone [53]. Use of 
Screen-Quantify-Use opioids -Adjust-Reassess-Engage 
(SQUARE) strategy is recommended to follow when 
prescribing opioids [50, 51]. 
It is recommended to start the lowest effective dose for a 
short duration, combining non-pharmacological pain 
management interventions, and patient education of possible 
overdose [50, 51]. Drug-drug interaction and comorbid 
diseases should be taken into consideration [50]. If opioids 
are indicated, the recommended first-line opioids are oral 
hydromorphone, transdermal fentanyl, and transdermal 
buprenorphine [50, 51]. 
 
Lithium 
Lithium is a renally excreted drug with a narrow therapeutic 
index [27]. AKI, Nephrogenic diabetes insipidus and 
interstitial nephritis and CKD are some renal side effects of 
lithium [12, 24]. The pathophysiological mechanisms include 
chronic interstitial nephritis, glomerulonephritis, and 
rhabdomyolysis [15, 24]. Underlying CKD, dehydration, 
diuretic use, and high doses further augment the risk for 
nephrotoxicity [24]. 
Therefore, it is necessary to maintain drug levels at the 
therapeutic range, avoid concomitant thiazide diuretics or 
NSAIDs and maintain euvolemia, especially during 
intercurrent illnesses to avoid nephrotoxicity [12, 15, 19]. 
Currently, it is recommended to monitor GFR, serum 
electrolytes, and lithium levels at every 3-6month interval or 
more often if the dose is modified or the patient is critically 
ill [19]. 
  
Conclusion  
The clinicians should be cautious in prescribing drugs to 
patients with underlying renal impairment, as drugs can 
further exacerbate the renal impairment. Using alternative 
medicine if possible, assessing baseline renal function, 
adjusting doses, avoiding concomitant use of other 
nephrotoxic drugs, adequate hydration, using for a short 
period of time, monitoring drug levels, serum creatinine, 
and urine output, and increasing prescriber and patient 
awareness are all generally applicable preventive strategies. 
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