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A B S T R A C T   

Non-steroidal anti-inflammatory drugs (NSAIDs) are ones of the commonly prescribed drugs worldwide. They 
primarily inhibit cyclooxygenase (COX) enzyme which is responsible for conversion of phospholipids to various 
prostaglandins (PGs). Disruption in PGs production affects the kidneys in several ways, including vasocon
striction that may result in ischemic acute kidney injury (AKI) in at-risk patients. They also impair salt and water 
excretion, leading to edema and hypertension. Other complications include hyperkalemia, hyponatremia, 
nephrotic syndrome, acute interstitial nephritis and chronic kidney disease progression. AKI from NSAIDs is 
usually reversible with favorable prognosis after discontinuation of NSAIDs. Avoidance of NSAIDs exposure is 
extremely important, especially among high-risk patients.   

1. Introduction 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are one of the most 
commonly prescribed drugs that are accounted for 5–10% of all pre
scriptions in the United States. [1] Acetyl salicylic acid (ASA) is the first 
agent that was discovered in 1893. [2] Since then, many agents have 
been developed and widely used for various conditions. NSAIDs exert 
their anti-inflammatory effect via cyclooxygenase (COX) inhibition. 
Their common adverse effects include gastrointestinal ulcers, cardiac 
toxicity, bleeding diathesis, allergic reaction and renal complications, 
[3,4] with acute kidney injury (AKI) being the most common form of 
NSAIDs-induced renal injury. Other renal manifestations include hy
pertension, edema, hyponatremia, hyperkalemia, nephrotic syndrome, 
papillary necrosis and interstitial nephritis. [5] In addition, several 
studies have demonstrated a relationship between exposure to high dose 
NSAIDs and progression to advanced stage chronic kidney disease (CKD) 
[6]. Unfortunately, despite the well-established adverse effects, the 
frequency of NSAIDs utilization among high risk patients, such as those 
with heart failure, hypertension and CKD, remains high. [7] A study of 
kidney transplant recipients demonstrated that 11% of them were pre
scribed NSAIDs, in which about two-third of the prescriptions were from 
primary care physicians and less than 50% had appropriate laboratory 
monitoring. [8] 

The purpose of our review is to summarize the current evidence on 
mechanism of action of NSAIDs and their effects on the kidneys. We also 
provide detailed information on each renal complication with a focus on 
clinical presentation, treatment and outcome. 

1.1. Mechanism of action of NSAIDs 

NSAIDs inhibit cyclooxygenase (COX) which is also known as pros
taglandin H synthase. [9] There are two distinct isoforms of COX: COX-1 
and COX-2. COX-1 is ubiquitous and constitutively expresses in normal 
cells. On the other hand, COX-2 is largely upregulated in inflammatory 
state. [10] However, several studies have demonstrated an expression of 
COX-2 during normal state in several organs such as brain, reproductive 
organs and kidneys. [11] The two isoforms of COX are 60% identical and 
located at luminal compartment of endoplasmic reticulum and nuclear 
membrane. [9] NSAIDs bind with COX-1 via reversible hydrogen bond 
whereas the binding of COX-2 is an irreversible active process. [12] COX 
enzyme primarily involves in eicosanoid biosynthesis which converts 
arachidonic acid to prostaglandin (PG) G2. PGG2 is then converted to 
PGH2 via peroxidase enzyme. [13] Ultimately, PGH2 is metabolized to 
various types of PG including PGE2, PGF2α, PGI2 and thromboxane (TX) 
A2 via isomerase enzymes (Fig. 1). [2] NSAIDs exert their 
anti-inflammatory property mainly via COX-2 inhibition whereas COX-1 
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inhibition often results in adverse effects. NSAIDs can be classified based 
on their COX-2 selectivity: non-selective COX inhibitors and selective 
COX-2 inhibitors. [11] NSAIDs can also be classified based on their 
chemical structure and property such as carboxylic acids, acetic acids 
and propionic acids. 

1.2. Pathophysiology of NSAIDs-induced acute kidney injury 

NSAIDs primarily incite AKI via hemodynamic alteration from 
prostaglandins imbalance. [14] As previously mentioned, COX-1 is 
generally expressed in the kidneys during non-inflammatory state. 
Additionally, low level of COX-2 expression can be found in macula 
densa. [15] PGs are expressed in several parts of nephron, including 
glomeruli, juxtaglomerular apparatus (JGA), loop of Henle, interstitial 
and tubular cells. Their function and site-specific expression help 
maintaining and modulating renal function (Fig. 1). 

PGI2 (Prostacyclin) is up-regulated by vasoconstrictive hormones 
such as angiotensin II, vasopressin, endothelin and norepinephrine. 
Various injuries, including renal ischemia and autoimmune process in 
renal parenchyma, can stimulate PGI2 production. [16] Its receptors are 
located at glomerular mesangial cells, endothelial cells and podocytes. 
[17] It enhances arteriolar vasodilation, decrease vasopressin and in
crease sodium excretion, thus promote diuresis. It can also attenuate 
podocytes contraction and inhibit leukocyte adhesion and aggregation. 
[18] 

PGE2 is expressed in all type of renal cells but mostly in glomeruli 
and collecting ducts. There are three types of PGE2 synthase, including 
microsomal PGE synthase (mPGES)-1, mPGEs-2 and cytosolic PGE 
synthase. PGE2 binds to EP receptor which has 4 subtypes (EP1-EP4). 

[19] EP1/EP3 act as vasoconstrictor whereas EP2/EP4 act as vasodilator 
of afferent arterioles. EP2/EP4 also serve as vasodilator for vasa recta. It 
is a mediator of renin-angiotensin aldosterone synthesis (RAAS) that can 
stimulates renin release via EP3 from the macula densa. [19] Overall, 
PGE2 promotes vasodilation, natriuresis and aquaresis. [5] 

TXA2 is widely expressed and can be found in macrophages, lung, 
peritoneum and kidneys. Expression of TXA2 particularly abundant in 
platelet which promotes platelet activation and aggregation. [20] In the 
kidneys, TXA2 is primarily expressed in glomeruli. It promotes vaso
constriction and podocytes contraction, thus decrease renal blood flow 
and glomerular filtration (GFR) [6]. 

PGF2α is converted from PGD2 via 11-ketoreductase. It is highly 
expressed along genitourinary tract, including ovaries and kidneys. [21] 
Distal convoluted tubule and cortical collecting duct are the main sites of 
renal expression. It promotes sodium and water excretion via trans
cellular transport of sodium independently of blood pressure and GFR. 
[6,22] It also stimulates thiazide-sensitive Na-Cl- cotransporter in distal 
convoluted tubule. [23] 

NSAIDs deplete locally produced PGs in the kidneys and, thus, blunt 
vasodilatory and other compensatory effects. These effects are especially 
crucial for high-risk patients who already have up-regulated RAAS and 
vasoconstrictive mediators (endothelin-1 (ET-1) and norepinephrine) as 
they are dependent on vasodilation properties of PGs to maintain normal 
renal hemodynamics. PGI2 and PGE2 are the main vasodilators. PGI2 
enhances afferent, efferent and capillary tuft dilatation. PGE2 also di
lates afferent arterioles. [24] Removal of vasodilators can impose un
opposed severe renal vasoconstriction. Ultimately, this may lead to 
irreversible renal ischemia and acute tubular necrosis. [25] Several 
animal studies have shown that prostacyclin reduction increases risk of 

Fig. 1. Prostaglandins production cascade, locations and their functions. Abbreviations: PG, prostaglandin; TXA2, thromboxane A2.  
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ischemic kidney injury [26] and endothelial PGs could protect kidneys 
from ischemic insult. [18] These studies confirm the inhibitory role of 
NSAIDs in PGs production leading to ischemic injury (Fig. 2). 

1.3. Risk factors for AKI in NSIADs user 

NSAIDs associated AKI typically occurs in patients with pre-existing 
compromised kidney hemodynamics [27]. Studies have shown that 
NSAIDs do not alter kidney functions in otherwise healthy people. There 
are several risk factors as summarized in Fig. 2. Patients are character
istically dependent on vasodilatory effect of renal prostaglandins to 
maintain renal blood flow and GFR. This typically occurs in patients 
with RAAS activation, such as those with heart failure, liver cirrhosis, 
nephrotic syndrome and volume depletion [5,28]. In a case series of 
pediatric patients without significant underlying medical conditions, all 
patients with NSAIDs associated AKI had a history of volume loss [29]. A 
salient study of patients with severe congestive heart failure has 
demonstrated RAAS activation along with systemic upregulation of PGI2 
and PGE2, suggesting the importance of vasodilatory effect of PGs in 
these patients [30]. 

Other risk factors include older age, male gender, hypertension, 
diabetes, CKD and concomitant use of nephrotoxic agents [24,31]. The 
risk of AKI is doubled in older population [32]. Nonetheless, NSAIDs can 
increase risk of AKI in pediatric population who are at risk for volume 
depletion [33,34]. Kidney transplant recipients are also at higher risk of 
NSAIDs associated AKI with the risk of almost three times higher than in 
native kidneys [35]. 

Selective COX-2 inhibitors were previously thought to have less renal 
effect due to the specificity toward COX-2. However, subsequent studies 
demonstrated that both traditional NSAIDs and selective COX-2 in
hibitors can enhance the risk of AKI although the association of selective 

COX-2 inhibitors and AKI may not be as strong as traditional NSAIDs 
[36,37]. A retrospective cohort study demonstrated that selective COX-2 
inhibitors use was associated with rapid eGFR decline in both short term 
(<1 year) and intermediate term (1-2 year) among CKD patients and 
eGFR continued to decline after NSAIDs discontinuation [38]. However, 
a recent meta-analysis did not display a significant association between 
AKI and selective COX-2 inhibitors [37]. Among traditional NSAIDs, 
indomethacin may confer the highest risk of AKI compared to other 
NSAIDs [37]. 

NSIADs users who are on concomitant diuretic and RAAS inhibitor 
(RAASi) have 30-60% increased risk of AKI which is higher than the risk 
of AKI from NSIADs alone or NSIADs with either diuretics or RAASi. [39, 
40] The risk is at the highest within one month of initiation [40]. 
Notably, the risk of AKI in concomitant users advances as the age in
creases [39]. Due to its high AKI risk, patients who use of NSAIDs, di
uretics and RAASi concomitantly is typically known as the “triple 
whammy”. In this circumstance, there is an overwhelming disruption of 
renal autoregulation, resulting in a drastic reduction in GFR and 
ischemic insult [41]. Other medications that appears to heighten the risk 
of AKI when used in conjunction with NSAIDs include acyclovir, vala
cyclovir, tenofovir and proton-pump inhibitor [42,43]. 

2. Clinical presentation 

Renal manifestation of NSAIDs is protean, including fluid retention 
leading to edema, hypertension, hyperkalemia, AKI, nephrotic syn
drome, papillary necrosis and interstitial nephritis [28]. Clinicians 
should be aware of these manifestations and promptly ask for history 
NSAIDs exposure. These manifestations are demonstrated in Fig. 3. 

Fig. 2. Risk factors of NSAIDs induced nephrotoxicity and mechanism of acute kidney injury. Abbreviations: RAASi, renin angiotensin aldosterone system inhibitor; 
PGs, prostaglandins; NSAIDs, nonsteroidal anti-inflammatory drugs; ET-1, endothelian-1; NE, norepinephrine. 
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2.1. Hypertension 

NSAIDs have been shown to elevate blood pressure in both normo
tensive and hypertensive patients [44]. Earlier studies have shown that 
indomethacin, naproxen and piroxicam have the greatest effect on blood 
pressure whereas the least effect is observed in sulindac [44–46]. 
However, recent studies including a double- blind, randomized multi
center trial have shown that ibuprofen is harboring the greatest effect on 
blood pressure compared to non-selective and selective COX-2 inhibitors 
[47]. In fact, COX-2 inhibitors minimally affect BP with only 2.3% blood 
pressure increase during the use [47]. In general, blood pressure can be 
increased by 2-5 mmHg in NSAIDs user [44,46]. In hypertensive pa
tients, patients who receive beta-adrenergic antagonist appear to have 
the highest increase in blood pressure after exposure to NSAIDs 
compared to those who receive other anti-hypertensive agents [46]. 
There are several possible mechanisms that can explain the rise of blood 
pressure, including AKI, vasoconstriction, salt and water retention and 
vascular endothelial dysfunction [44,47]. 

2.2. Edema 

The incidence of NSAIDs-induced edema is fairly low (<10%) [48]. 
Patients may have 0.5–1 kg weight gain as a result of NSAIDs exposure 
[49]. Prostaglandin deficiency (particularly PGE2) induces reduction in 
renal blood flow and GFR [48]. It enhances Na+ and Cl- reabsorption via 
Loops of Henle and up-regulation of vasopressin. Lastly, it can 
up-regulate endothelin-1 which, in turn, promotes Na+ and Cl- reab
sorption. All of these would ultimately result in salt and water retention 
and edema [44,50]. 

2.3. Hyponatremia 

NSAIDs associated symptomatic hyponatremia is rare [49]. It often 
occurs in patients with other risk factors of hyponatremia, such as heart 
failure, cirrhosis, hypovolemia and thiazide diuretic use [6,51,52]. 
NSAIDs can induce hyponatremia via several mechanisms. They block 
the PGE2 inhibitory effect of vasopressin-activated adenylate cyclase in 
collecting duct, resulting in up-regulation of vasopressin activity [49]. 
There are several case reports that concomitant use of NSAIDs and 
desmopressin can generate severe hyponatremia [53,54]. NSAIDs use in 
marathon runner and other athletes also increases risk of hyponatremia 
during their performance. In a study of 28 marathon runners, there was 
a reduction of serum sodium in NSAIDs user whereas serum sodium was 
increased in non-NSAIDs users [55]. Vasopressin level was noted to be 
higher in hyponatremic athletes compared to normonatremic group 
[56]. Hence, potentiation of vasopressin via NSAIDs may explain the 
observed elevated risk. NSAIDs can reduce medullary blood flow thus 
increase hypertonicity of medullary interstitium and promotes water 
absorption [49]. There are also case reports of syndrome of inappro
priate antidiuretic hormone (SIADH) after exposure to different NSAIDs, 
including ibuprofen, indomethacin, piroxicam, sulindac, diclofenac and 
ketorolac. [57–59] However, other vasopressin stimuli often co-existed 
with NSAIDs use in these reports [6,58]. Moderate to severe hypona
tremia is associated with an increased risk of in-hospital mortality [60]. 

2.4. Hyperkalemia 

PGs can promote renal blood flow, resulting in increased GFR and 
potassium clearance. They also increase distal Na+ delivery and pro
mote potassium excretion via distal tubule. Furthermore, PGs secreting 
from macula densa can enhance renin secretion, aldosterone production 

Fig. 3. Spectrum of NSAIDs induced nephrotoxicity. Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; SIADH, syndrome of inappropriate anti-diuretic 
hormone; GFR, glomerular filtration rate; RAAS, renin angiotensin aldosterone system; MCD, minimal change disease; MN, membranous nephropathy. 
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and increase kaliuresis [5]. These mechanisms are compromised in 
NSAIDs users, resulting in diminished potassium clearance. Typically, 
serum potassium rises by 0.2–0.6 mEq/L. Nonetheless, life-threatening 
hyperkalemia has been reported [61]. Patients with CKD, diabetes and 
concomitant RAASi use are at increased risk of hyperkalemia [31,49, 
62]. Risk of hyperkalemia varies by type of NSAIDs and both 
non-selective and selective COX-2 inhibitors can cause hyperkalemia 
[38,63]. 

2.5. Acute kidney injury 

NSAIDs associated AKI does not often frequently in otherwise 
healthy person. Studies have demonstrated modest increased risk of AKI 
in the community setting with OR ranging between 1.5 to 2.1 [32,37]. 
AKI could be seen as early as 1-3 days after exposure depending on 
NSAIDs half-life [5]. Patients usually present with mild to moderate rise 
in creatinine and minimal proteinuria although dialysis may be required 
in rare instances [29]. Renal pathology typically reveals evidence of 
tubular injury with vacuolated and loss of brush border, leading to 
simplification of tubular epithelial cells, although biopsy is usually not 
required in mild to moderate cases [25]. Inflammatory cells infiltration 
may present [25,64]. In severe case, bilateral renal infarctions may 
occur [65]. There are also case reports of NSAIDs-induced AKI via 
massive rhabdomyolysis [66]. Renal function usually improves within 
2-7 days after NSAIDs withdrawal [5] and other conservative manage
ment, such as fluid resuscitation. [29] However, permanent kidney 
damages may occur, particularly in patients with more chronic use. 

2.6. Acute interstitial nephritis (AIN) 

AIN is characterized by inflammatory cell infiltration in tubulo- 
interstitial compartment. Patients often present with AKI and some 
may have other systemic symptom such as rash, arthralgia, fever and 
peripheral eosinophilia [67]. Of all AIN cases, drug-induced AIN ac
counts for more than two-third and NSAIDs are ones of the most com
mon culprits [67]. Renal pathology usually shows cytotoxic T-cell with a 
paucity of eosinophils, which is notably different from classic AIN from 
other medications [68]. The median age of patients with NSIADs 
induced AIN is around 50 years. Patients with NSIADs induced AIN may 
concomitantly develop nephrotic syndrome but frequently have sub
nephrotic range proteinuria with median urine protein of 1.1 g/d [69]. 
About two third of patients developed AKI stage 3 with median peak 
serum creatinine of 3.6 mg/dl. The median time of exposure is 3 months 
before the diagnosis. Patients often respond well to steroid therapy and 
70% have improved kidney function to near normal [69]. Some studies 
suggest that early steroid treatment is associated with better outcome 
[70]. 

2.7. Nephrotic syndrome 

Nephrotic syndrome may occur in NSAIDs users irrespective of their 
baseline kidney function [28]. It usually occurs between 2 weeks and 18 
months after exposure [28]. Minimal change disease (MCD) and mem
branous nephropathy (MN) are previously thought to be the two most 
common nephrotic syndromes associated with NSAIDs use [71]. How
ever, a recent large cohort study from the UK has found that membra
nous nephropathy (39%), focal and segmental glomerulosclerosis 
(FSGS) (20%) and diffuse crescentic glomerulonephritis (11%) were 
actually more common than minimal change disease (9%). Nonetheless, 
it should be noted that only 10% of patients in this cohort underwent a 
kidney biopsy [72]. They also found that past NSAIDs use (between 2 
months and 2 years) as well as current use (2 to 4 weeks) increased odds 
of nephrotic syndrome with the ORs of 1.24 (1.07–1.43) and 1.34 
(1.06–1.70), respectively [72]. Acetic acid derivatives (aspirin) and 
propionic acid derivatives (ibuprofen, naproxen and fenoprofen) are 
associated with higher odds [72]. Tip lesion FSGS is also reported in an 

NSAIDs user [73]. Pathophysiology of NSAID induced nephrotic syn
drome remains unclear but it has been postulated that NSAIDs can 
induce podocyte injury which may incite immune process leading to 
autoantibodies production [74]. 

MCD secondary to NSAIDs is often accompanied by severe AKI and 
may occur with or without concurrent interstitial nephritis [75–77]. 
Kidney pathology typically demonstrates minimal changes under light 
microscopy and diffuse foot process effacement under electron micro
scopy [76]. Treatment involves NSAIDs discontinuation and immuno
suppression. Prognosis is generally favorable. 

MN is the most common cause of nephrotic syndrome in adults [78]. 
Prior to the discovery of phospholipase A2 receptor antibody, it has been 
categorized as primary and secondary MN (in which drug-induced MN 
belongs to) [79]. Kidney pathology usually reveals mesangial expansion 
with thickened basement membrane with immunofluorescence dis
playing IgG granular capillary loop staining. IgG subclass may aid in 
differentiating primary and secondary MN. Primary MN predominantly 
has IgG4 deposition whereas secondary MN (such as NSAIDs-induced 
MN) frequently has IgG1 deposition [74]. However, antigen identifica
tion of immune deposits may now become more clinical relevant than 
the IgG subclass [80]. A study of NSAIDs-induced MN reported the mean 
age of 55 years old with median onset of 43 weeks (range from 4 weeks 
to 3 years) after exposure. Most patients had massive proteinuria with 
mean proteinuria of 10.2 g/day but none required dialysis. Proteinuria 
usually improved after drug cessation and conservative management 
without immunosuppression, which is different from primary MN that 
usually required immunosuppressive treatment [81]. Re-introduction of 
NSAIDs may result in a relapse of MN [74]. 

2.8. Papillary necrosis (PN) 

PN is a rare kidney disease with reported prevalence of 0.1% and 
3–5% in non-diabetic and diabetic patients, respectively,[82] although 
the prevalence can be as high as 20% in an autopsy series [83]. Risk 
factors include prolonged NSAIDs use, diabetes mellitus and sickle cell 
anemia [84,85]. Patients can present with non-specific symptoms such 
as nocturia, dysuria, pyuria, microscopic hematuria, proteinuria and 
ureteral colic [86]. Some patients may develop back pain and passing 
sloughed papillae in the urine [85]. In a severe case, necrotic papillae 
can clog up ureter resulting in bilateral ureteral obstruction [87]. Kidney 
imaging may demonstrate calyceal haziness or failure of contrast media 
filling of minor calyces [86]. Kidney pathology typically reveals coag
ulative necrosis at renal papilla. Fibrosis and calcification are common 
in chronic cases [85]. Several animal studies have confirmed the role of 
NSAIDs in its pathogenesis [88–90]. The anatomical vascular bundles of 
papillary vessels that only a single or few vessels supplying renal 
papillae results in over dependency of local PGs in maintaining blood 
flow to the papillary tip. Therefore, papillary tip is especially vulnerable 
to severe ischemia in the setting of PGs depletion from NSAIDs [86]. 
Renal outcome is favorable in PN with less than 2% required dialysis 
upon diagnosis and 6% during the follow-up period [91]. 

2.9. Chronic kidney disease progression 

The association between NSAIDs use and risk of CKD has not been 
well-established as earlier studies that demonstrated an enhanced risk of 
CKD among NSAIDs users suffered from several biases and methodo
logical flaws [92,93]. Nonetheless, more recent studies with better 
quality appear to show the same result. In a community study, NSAIDs 
users have a higher odds of developing CKD with OR of 1.63 (95% CI 
1.22–2.19) [32]. They are also at increased risk of CKD progression, 
particularly among high dose users, with the pooled OR 1.26 (95% CI 
1.06–1.50) [94,95]. The risk appears to be especially heightened among 
those with history of hypertension and diabetes [96,97]. Unfortunately, 
NSAIDs are still prescribed in majority of CKD patients. A recent 
cross-sectional study showed that nearly two-third of CKD patients were 
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prescribed NSAIDs and 80% of them were regular users [98]. 

2.10. Renal cell carcinoma (RCC) 

Kidney cancer is one of the most common cancers in the United 
States with RCC being the most common type accounting for 85% of 
cases. Studies have suggested that non-aspirin NSAIDs may increase the 
risk of RCC [99–102]. A recent meta-analysis found that non-aspirin 
NSAIDs users had a higher risk of incident RCC with the pooled rela
tive risk of 1.25 (95% CI 1.06-1.46). A dose-response relationship was 
also observed [103]. The pathophysiology remains unclear but may be 
related to chronic kidney injury leading to DNA damage and carcino
genesis [102]. 

2.11. Treatment and outcomes 

Discontinuation of NSAIDs along with conservative management is 
generally sufficient for management of renal complications from these 
drugs. More importantly, avoidance of NSAIDs is crucial especially in 
high-risk patients. In patients with mild CKD (stage 1-3), only short-term 
use (≤5 days) with close monitoring is allowed. [6] In CKD stage 4, if it is 
felt to be necessary and no other alternative agents, short-term and low 
dose NSAIDs may be considered but with close monitoring for renal 
toxicity. NSAIDs should be avoided in stage 5 CKD due to high risk of 
renal complications [6]. AKI secondary to NSAIDs use is typically 
reversible after discontinuation with a favorable prognosis. Similarly, 
patients with nephrotic syndrome (MN and MCD) usually respond to 
NSAIDs withdrawal along with conservative management. However, 
some patients may require immunosuppression particularly in severe 
and refractory cases. Similarly, patients with AIN typically responds to 
NSAIDs discontinuation but often require short course of steroid to 
ameliorate the inflammation. 

3. Conclusion 

NSAIDs are ones of the most common prescribed drugs worldwide. 
They exert their anti-inflammatory action via COX inhibition leading to 
PGs imbalance. PGs depletion subsequently induces vasoconstriction 
and impairment of salt and water excretory function. Patients with CKD 
and upregulated RAAS (heart failure, liver failure or volume depletion) 
are at increased risk of renal toxicity. AKI from ischemic insult is the 
most common pattern of renal complications. Hypertension, hyper
kalemia, hyponatremia, edema, nephrotic syndrome, AIN and CKD 
progression are also observed. Discontinuation of NSAIDs along with 
conservative management is generally sufficient for management of the 
renal complications. More importantly, avoidance of NSAIDs is crucial 
especially in high-risk patients. 
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[25] Clavé S, Rousset-Rouvière C, Daniel L, Tsimaratos M. The invisible threat of non- 
steroidal anti-inflammatory drugs for kidneys. Frontiers in Pediatrics 2019;7. 

[26] Yokoyama C, Yabuki T, Shimonishi M, et al. Prostacyclin-deficient mice develop 
ischemic renal disorders, including nephrosclerosis and renal infarction. 
Circulation 2002;106(18):2397–403. 

[27] Murray MD, Brater DC. Effects of NSAIDs on the kidney. Prog Drug Res 1997;49: 
155–71. 

[28] Clive DM, Stoff JS. Renal syndromes associated with nonsteroidal 
antiinflammatory drugs. N Engl J Med 1984;310(9):563–72. 

[29] Ulinski T, Guigonis V, Dunan O, Bensman A. Acute renal failure after treatment 
with non-steroidal anti-inflammatory drugs. Eur J Pediatr 2004;163(3):148–50. 

[30] Dzau VJ, Packer M, Lilly LS, Swartz SL, Hollenberg NK, Williams GH. 
Prostaglandins in Severe Congestive Heart Failure. N Engl J Med 1984;310(6): 
347–52. 

[31] Nash DM, Markle-Reid M, Brimble KS, et al. Nonsteroidal anti-inflammatory drug 
use and risk of acute kidney injury and hyperkalemia in older adults: a 
population-based study. Nephrol Dial Transplant 2019;34(7):1145–54. 

[32] Zhang X, Donnan PT, Bell S, Guthrie B. Non-steroidal anti-inflammatory drug 
induced acute kidney injury in the community dwelling general population and 
people with chronic kidney disease: systematic review and meta-analysis. BMC 
Nephrol 2017;18(1):256. 

[33] Gong J, Ma L, Li M, et al. Nonsteroidal anti-inflammatory drugs associated acute 
kidney injury in hospitalized children: a systematic review and meta-analysis. 
Pharmacoepidemiol Drug Saf 2022;31(2):117–27. 

[34] Nehus E, Kaddourah A, Bennett M, Pyles O, Devarajan P. Subclinical kidney 
injury in children receiving nonsteroidal anti-inflammatory drugs after cardiac 
surgery. J Pediatr 2017;189:175–80. 

[35] Chiasson JM, Fominaya CE, Gebregziabher M, Taber DJ. Long-term assessment of 
NSAID prescriptions and potential nephrotoxicity risk in adult kidney transplant 
recipients. Transplantation 2019;103(12):2675–81. 

[36] Ingrasciotta Y, Sultana J, Giorgianni F, et al. Association of individual non- 
steroidal anti-inflammatory drugs and chronic kidney disease: a population-based 
case control study. PLoS One 2015;10(4):e0122899. 

[37] Ungprasert P, Cheungpasitporn W, Crowson CS, Matteson EL. Individual non- 
steroidal anti-inflammatory drugs and risk of acute kidney injury: a systematic 
review and meta-analysis of observational studies. Eur J Intern Med 2015;26(4): 
285–91. 

N. Klomjit and P. Ungprasert                                                                                                                                                                                                                

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en julio 20, 2022. 
Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0001
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0001
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0002
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0002
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0003
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0003
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0003
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0004
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0004
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0004
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0005
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0005
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0006
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0006
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0007
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0007
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0007
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0007
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0008
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0008
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0009
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0009
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0010
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0010
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0011
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0011
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0012
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0012
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0013
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0013
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0014
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0014
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0014
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0015
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0015
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0015
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0016
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0016
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0017
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0017
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0018
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0018
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0019
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0019
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0019
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0020
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0020
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0021
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0021
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0021
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0021
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0022
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0022
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0023
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0023
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0023
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0024
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0024
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0025
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0025
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0026
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0026
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0026
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0027
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0027
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0028
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0028
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0029
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0029
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0030
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0030
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0030
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0031
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0031
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0031
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0032
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0032
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0032
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0032
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0033
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0033
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0033
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0034
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0034
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0034
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0035
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0035
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0035
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0036
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0036
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0036
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0037
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0037
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0037
http://refhub.elsevier.com/S0953-6205(22)00172-8/sbref0037


European Journal of Internal Medicine 101 (2022) 21–28

27

[38] Kaewput W, Disorn P, Satirapoj B. Selective cyclooxygenase-2 inhibitor use and 
progression of renal function in patients with chronic kidney disease: a single- 
center retrospective cohort study. Int J Nephrol Renovasc Dis 2016;9:273–8. 

[39] Dreischulte T, Morales DR, Bell S, Guthrie B. Combined use of nonsteroidal anti- 
inflammatory drugs with diuretics and/or renin-angiotensin system inhibitors in 
the community increases the risk of acute kidney injury. Kidney Int 2015;88(2): 
396–403. 

[40] Lapi F, Azoulay L, Yin H, Nessim SJ, Suissa S. Concurrent use of diuretics, 
angiotensin converting enzyme inhibitors, and angiotensin receptor blockers with 
non-steroidal anti-inflammatory drugs and risk of acute kidney injury: nested 
case-control study. BMJ 2013;346:e8525. 

[41] Prieto-García L, Pericacho M, Sancho-Martínez SM, et al. Mechanisms of triple 
whammy acute kidney injury. Pharmacol Ther 2016;167:132–45. 

[42] Yue Z, Shi J, Li H, Li H. Association between concomitant use of acyclovir or 
valacyclovir with NSAIDs and an increased risk of acute kidney injury: data 
mining of FDA adverse event reporting system. Biol Pharm Bull 2018;41(2): 
158–62. 

[43] Morelle J, Labriola L, Lambert M, Cosyns JP, Jouret F, Jadoul M. Tenofovir- 
related acute kidney injury and proximal tubule dysfunction precipitated by 
diclofenac: a case of drug-drug interaction. Clin Nephrol 2009;71(5):567–70. 

[44] Johnson AG. NSAIDs and increased blood pressure. What is the clinical 
significance? Drug Saf 1997;17(5):277–89. 

[45] Pope JE, Anderson JJ, Felson DT. A meta-analysis of the effects of nonsteroidal 
anti-inflammatory drugs on blood pressure. Arch Intern Med 1993;153(4): 
477–84. 

[46] Aljadhey H, Tu W, Hansen RA, Blalock SJ, Brater DC, Murray MD. Comparative 
effects of non-steroidal anti-inflammatory drugs (NSAIDs) on blood pressure in 
patients with hypertension. BMC Cardiovascular Disorders 2012;12(1):93. 

[47] Ruschitzka F, Borer JS, Krum H, et al. Differential blood pressure effects of 
ibuprofen, naproxen, and celecoxib in patients with arthritis: the PRECISION- 
ABPM (prospective randomized evaluation of celecoxib integrated safety versus 
ibuprofen or naproxen ambulatory blood pressure measurement) trial. Eur Heart 
J 2017;38(44):3282–92. 

[48] Frishman WH. Effects of nonsteroidal anti-inflammatory drug therapy on blood 
pressure and peripheral edema. Am J Cardiol 2002;89(6a):18d–25d. 

[49] Kim S, Joo KW. Electrolyte and Acid-base disturbances associated with non- 
steroidal anti-inflammatory drugs, 5. Electrolyte Blood Press; 2007. p. 116–25. 

[50] Ferri C, Bellini C, Piccoli A, et al. Enhanced blood pressure response to 
cyclooxygenase inhibition in salt-sensitive human essential hypertension. 
Hypertension 1993;21(6):875–81. Pt 1. 

[51] Kalksma R, Leemhuis MP. [Hyponatremia caused by thiazide diuretics: be aware 
of drug combinations which enhance this effect]. Ned Tijdschr Geneeskd 2002; 
146(33):1521–5. 

[52] Rosen RJ, Bomback AS. Acute hyponatremia after a religious fast. AACE Clin Case 
Rep 2021;7(4):236–8. 

[53] Verrua E, Mantovani G, Ferrante E, et al. Severe water intoxication secondary to 
the concomitant intake of non-steroidal anti-inflammatory drugs and 
desmopressin: a case report and review of the literature. Hormones (Athens) 
2013;12(1):135–41. 

[54] Bojdani E, Chen A, Buonocore S, Li KJ, Gurrera R. Meloxicam-desmopressin drug- 
drug interaction producing hyponatremia. Psychiatry Res 2019;279:284–6. 

[55] Whatmough S, Mears S, Kipps C. Serum sodium changes in marathon participants 
who use NSAIDs. BMJ Open Sport Exerc Med 2018;4(1):e000364. 

[56] Cairns RS, Hew-Butler T. Incidence of exercise-associated hyponatremia and its 
association with nonosmotic stimuli of arginine vasopressin in the GNW100s 
ultra-endurance marathon. Clin J Sport Med 2015;25(4):347–54. 

[57] Petersson I, Nilsson G, Hansson BG, Hedner T. Water intoxication associated with 
non-steroidal anti-inflammatory drug therapy. Acta Med Scand 1987;221(2): 
221–3. 

[58] Lim SY, Panikkath R, Prabhakar S. Syndrome of inappropriate antidiuretic 
hormone secretion associated with prolonged keterolac use. Clin Nephrol Case 
Stud 2014;2:5–8. 

[59] Artom N, Oddo S, Pende A, Ottonello L, Giusti M, Dallegri F. Syndrome of 
inappropriate antidiuretic hormone secretion and Ibuprofen, a rare association to 
be considered: role of tolvaptan. Case Rep Endocrinol 2013;2013:818259. 

[60] Damanti S, Pasina L, Consonni D, Azzolino D, Cesari M. Drug-induced 
hyponatremia: NSAIDs, a neglected cause that should be considered. J Frailty 
Aging 2019;8(4):222–3. 

[61] Platts-Mills TF, Richmond NL, Hunold KM, Bowling CB. Life-threatening 
hyperkalemia after 2 days of ibuprofen. Am J Emerg Med 2013;31(2). 465.e461- 
462. 

[62] Sahil F, Kumar J, Raiz G, et al. Association between long-term use of non-steroidal 
anti-inflammatory drugs and hyperkalemia in diabetic patients. Cureus 2021;13 
(6):e15648. 

[63] Lafrance JP, Miller DR. Dispensed selective and nonselective nonsteroidal anti- 
inflammatory drugs and the risk of moderate to severe hyperkalemia: a nested 
case-control study. Am J Kidney Dis 2012;60(1):82–9. 

[64] Fong HJ, Cohen AH. Ibuprofen-induced acute renal failure with acute tubular 
necrosis. Am J Nephrol 1982;2(1):28–31. 

[65] Jeon Y, Lis JB, Chang WG. NSAID associated bilateral renal infarctions: a case 
report. Int J Nephrol Renovasc Dis 2019;12:177–81. 

[66] Sav T, Unal A, Erden A, Gunal AI. Single-dose-dexketoprofen-induced acute 
kidney injury due to massive rhabdomyolysis. Int Urol Nephrol 2012;44(5): 
1581–3. 
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