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Abstract: Acute kidney injury caused by hyperuricemia is a serious disorder in which high serum uric acid 
levels damage the kidneys directly and indirectly. The purpose of this review is to clarify the role that 
hyperuricemia plays in acute kidney injury (AKI), encompassing both crystal-dependent and crystal-
independent pathways. It covers the new insights of prerenal, intrinsic, and postrenal AKI pathways brought 
on by hyperuricemia. Finding pertinent studies by performing a thorough literature search across several 
databases, including PubMed, Scopus, Web of Science, and Google Scholar. After downloading the article, it 
was imported into Reference Manager and manually screened for duplicate references using the author names, 
journals, and publication dates (years) as a guide. Damaged tubular cells release damage-associated molecular 
patterns, which worsen kidney injury. Early identification and treatment of hyperuricemia are crucial to 
prevent permanent kidney damage or the onset of chronic renal disease. 
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What is already known about this topic  

Although the exact prevalence of hyperuricemia-induced acute kidney injury (AKI) is unknown, it is recognized 
as a significant clinical problem in particular groups and environments. The prevalence of hyperuricemia-
induced AKI varies based on different factors such as underlying drugs, geographic variations, and healthcare 
accessibility.  

What this study contributes to  

Unlike other research, this study focuses on hyperuricemia and AKI together rather than separately. It 
investigates uric acid's non-crystalline effects, including its influence on renal health and its role as a danger-
associated molecular pattern. It adds to a thorough understanding of the novel pathways (mechanisms) of 
hyperuricemia-induced AKI (prerenal, intrinsic, and postrenal). The advanced mechanisms of hyperuricemia-
induced AKI are clarified in this study, including the differences between novel pathways that are crystal-
dependent and crystal-independent. 

How this study could impact policy, practice, or research  

By combining viewpoints from pharmacology, endocrinology, and nephrology, this review promoted 
interdisciplinary cooperation and joint research. It facilitates the researchers' exploration of region-specific 
interventions, standardization of prevalence data, and identification of knowledge gaps. Insights into 
assessment and preventions of high-risk groups, such as individuals with metabolic abnormalities or tumor lysis 
syndrome, can help with risk stratification and preventive strategies. With the use of this knowledge, 
policymakers may improve clinical guidelines for managing the risk of hyperuricemia and AKI, and provide 
education on lifestyle changes (exercise and food) that can lower the risk of both conditions. This review is 
helping to shape policies to address the global challenges of AKI caused by hyperuricemia. 
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Gaps in the research 

It is recognized that there are crystal-dependent and crystal-independent pathways, but it is yet unknown how 
exactly these processes interact to cause kidney damage. Little is known about the exact uric acid thresholds that 
cause AKI and the long-term consequences of episodes.  

Introduction 

Recently, hyperuricemia defined as >6.5 mg/dL in women and >7 mg/dL in men has been 
identified as a predictor of acute kidney injury [1]. The end product of purine metabolism in humans 
is uric acid, which is primarily regulated by xanthine oxidoreductase (XOR), which transforms 
hypoxanthine into xanthine and xanthine into uric acid [2]. Endogenous sources of purines: De novo 
synthesis is the process by which the body creates purines from basic molecules such as carbon 
dioxide, ribose-5-phosphate, amino acids, and one-carbon units from the metabolism of folate. The 
de novo route mostly takes place in the liver, where phosphoribosyl pyrophosphate (PRPP) is used 
to build purine bases on a ribose sugar [3]. When nucleic acids (DNA and RNA) from dead or 
damaged cells naturally break down, urine is produced. This process is known as cellular turnover. 
These purines are broken down into nucleotides, nucleosides, and free bases by enzymes [4]. 

Exogenous sources: According to dietary intake, purines can be present in a wide range of foods, 
particularly those high in protein and organs. Moderate purine foods include fowl (chicken, turkey), 
legumes (lentils, beans, peas), spinach, asparagus, and mushrooms, and high-purine foods include 
organ meats (liver, kidney, and brain) and seafood (anchovies, sardines, mussels, and scallops). 
Fruits, vegetables (apart from high-purine ones), and dairy products are examples of low-purine 
foods [5]. Crystal precipitation occurs in the joints, soft tissues, kidneys, and other organs as a result 
of pathological hyperuricemia brought on by a diet high in purines and fructose. It also precipitated 
by genetic or environmental factors, excess production from hepatic metabolism and cell turnover, 
and renal or extra-renal underexcretion [6]. The kidneys eliminate two-thirds of the uric acid that is 
in the blood, while the gastrointestinal tract eliminates one-third [7]. 
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Figure 1. Mechanisms of purine metabolism and uric acid formation in humans. 

Acute Kidney Injury 

AKI is characterized by an abrupt and quick deterioration in kidney function that might last for 
hours or days. If treatment is not received, it can cause serious problems by affecting the kidney's 
capacity to filter waste, control electrolytes, and preserve fluid balance [8]. In both community and 
hospital settings, acute kidney injury (AKI) is a leading cause of morbidity and mortality globally [9]. 
Patients with reduced kidney function from AKI and chronic kidney disease (CKD) may have 
elevated plasma uric acid levels (hyperuricemia). 15% of hospitalized patients die from AKI, making 
it one of the most dangerous complications [10]. According to estimates, up to 60% of critically ill 
individuals experience acute kidney damage (AKI). Mortality risk ranges from 20% to 50% for 
patients with AKI in the intensive care unit (ICU) and 40% to 80% for patients with severe AKI who 
need renal replacement therapy (AKI-RRT) [11]. 

Epidemiology of Hyperuricemia Induced-AKI 

Although uric acid nephropathy or hyperuricemia-induced AKI is very rare, it can have serious 
consequences for some populations [12]. The underlying diseases and geographic considerations 
influence its incidence. Despite making up a small percentage of total AKI cases, uric acid-induced 
AKI is more common in patients receiving cancer treatment, those with TLS, and gout patients with 
poorly managed hyperuricemia. It is rare in children but can happen in pediatric leukemia or 
lymphoma after cancer therapy [13]. It is common in older persons because of the higher prevalence 
of cancer, gout, and CKD. 

It is more common in men, in part because men are more likely to have gout and hyperuricemia. 
An incidence of 1-2% of all AKI cases in hospitalized patients worldwide is caused by hyperuricemia 
[14]. For AKI brought on by hyperuricemia, TLS is the most prevalent predictors. AKI is caused by 
uric acid nephropathy in 3-5% of patients undergoing chemotherapy for hematologic malignancies. 
Particularly in aggressive malignancies such as Burkitt lymphoma or acute lymphoblastic leukemia, 
uric acid-induced AKI may develop in as many as 20–25% of individuals with untreated or severe 
TLS [15]. Because of uric acid precipitation, AKI occurs in 1-2% of patients with severe gout [16]. 

Clinical Manifestations of Hyperuricemia Induced-AKI 

Hyperuricemia-induced AKI can develop as prerenal, intrinsic, or postrenal types, each with 
unique clinical signs. 

Signs and Symptoms of Prerenal Hyperuricemia Induced-AKI 

Prerenal AKI frequently manifests as volume depletion from dry mucous membranes, skin 
turgor loss, hypotension, and tachycardia as signs of hypovolemia. Decreased urine output (oliguria 
or anuria) (less than 400 mL/day in adults); elevated blood urea nitrogen to creatinine ratio >20:1 
because of decreased renal perfusion rather than intrinsic renal damage. Weakness and exhaustion 
because of decreased renal filtration and accumulation of metabolic waste; and weight loss [17,18]. 
There are usually no noticeable proteinuria or cellular casts in prerenal AKI, and the urinalysis is 
normal. Concentrated urine without abnormal sedimentation may be seen [19].  

Signs and Symptoms of Intrinsic Hyperuricemia Induced-AKI 

Intrinsic AKI is characterized by the following symptoms: Gross or microscopic hematuria due 
to tubular and parenchymal injury; presence of urate crystals in the urine (urinary sediment); acute 
tubular obstruction, which includes severe flank or abdominal pain caused by tubular obstruction 
and distension; and dysuria, or difficulty passing urine if partial obstruction occurs. Proteinuria or 
mild hematuria; fever, rash, and eosinophilia (if interstitial inflammation occurs); and acute 
interstitial nephritis (less common). impaired water and solute reabsorption, which can occasionally 
result in polyuria [13].  
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Due to tubular dysfunction, electrolyte imbalances such as hyperphosphatemia or hypocalcemia 
can produce muscle cramps and tetany (in TLS), metabolic acidosis can cause fast breathing or 
Kussmaul respiration, and hyperkalemia can cause muscle weakness and arrhythmias [8]. Unlike 
prerenal AKI, which is caused by reduced renal perfusion, intrinsic AKI brought on by uric acid is 
characterized by direct tubular injury and inflammation. Granular casts or proteinuria in urine 
indicate intrinsic AKI. In contrast to postrenal AKI, intrinsic AKI may coexist with partial urinary 
tract blockage but may not include total obstruction [20]. 

Signs and Symptoms of Postrenal Hyperuricemia Induced-AKI 

Postrenal AKI symptoms comprises severe colicky flank pain radiating to the groin, gross or 
microscopic hematuria, difficulty urinating or incomplete bladder emptying, palpable bladder (in 
cases of bladder outlet obstruction), anuria (complete obstruction) or fluctuating urine output, and 
hydronephrosis (kidney swelling). The mechanical blockage of urine flow associated with postrenal 
AKI can result in hydronephrosis, which in turn causes a backpressure impact that blocks glomerular 
filtration [21]. Postrenal AKI is reversible as soon as the obstruction is removed, in contrast to intrinsic 
AKI, which causes damage to the tubules or glomeruli [22]. 

Mechanisms of Hyperuricemia Induced-AKI 

There are several possible ways that uric acid could cause acute kidney injury, including local 
crystalline and non-crystalline effects on the renal tubules and systemic effects on renal 
microvasculature and hemodynamics. There are two primary ways that uric acid can result in acute 
kidney damage [23,24]: Crystal-dependent and crystal-independent processes, which are covered 
here. 

Crystal-Dependent Mechanism of AKI 

Crystals of uric acid cause direct damage to the kidneys. The pathophysiology of AKI is believed 
to be mediated by the precipitation of uric acid into crystals that block the kidney's collecting ducts 
and distal tubules, a condition known as crystal-induced tubulopathy, or tumor lysis syndrome [25]. 
Uric acid crystal deposition results in compressive congestion of the renal venules, elevated intrarenal 
pressure, and tubular pressure. It also triggers the innate immune system through inflammasomes, 
causing localized inflammation and fibrosis. The resultant decreased renal blood flow and increased 
renal vascular resistance, along with increased tubular pressure, lower glomerular filtration and 
cause AKI [26]. The main mechanisms consist of: 

1. Supersaturation of uric acid in the tubular fluid: Particularly in acidic urine (pH < 5.5), uric 

acid is comparatively insoluble. Dehydration or decreased urine flow, low urine pH (uric 

acid is poorly soluble in acidic conditions), and hyperuricemia are all factors that contribute 

to supersaturation. High amounts of uric acid in the blood and later in the renal tubules are 

caused by excessive nucleic acid breakdown in hyperuricemia situations, such as tumor lysis 

syndrome (TLS). Crystal precipitation occurs when uric acid concentrations exceed their 

solubility [27,28]. In summary, when uric acid in the tubular fluid becomes supersaturated, 

uric acid crystals develop and are deposited, obstructing tube flow and causing 

inflammation, which damages tubular cells and activates immunological responses, finally 

resulting in decreased renal blood flow. 
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2. Tubular blockage: Crystals of uric acid form inside the renal tubules, particularly in the 

collecting ducts and distal tubules. The flow of urine is physically impeded by crystals that 

block the lumen. Increased intratubular pressure from this blockage results in acute renal 

damage and a decreased glomerular filtration rate (GFR) [29]. To put it succinctly, tubular 

obstruction results in mechanical blockage of the renal tubules, which triggers inflammatory 

reactions and endothelial dysfunction, ultimately leading to ischemic injury. 

3. Direct tubular cell injury: The tubular epithelial cells are mechanically damaged by uric acid 

crystals, which results in tubular cell necrosis and apoptosis, as well as oxidative stress and 

mitochondrial dysfunction. Damage-associated molecular patterns (DAMPs), which are 

released by damaged tubular cells, exacerbate the kidney injury [30]. To put it succinctly, 

direct tubular injury results in mechanical damage from crystal deposition and oxidative 

stress, which also triggers inflammation, which finally leads to ischemia. 

4. Inflammatory response: Immune cells and tubular epithelial cells recognize uric acid 

crystals as particles linked to injury. This triggers the NLRP3 inflammasome, which increases 

inflammation and tissue damage by attracting immune cells (neutrophils and macrophages) 

and releasing pro-inflammatory cytokines like IL-1β and IL-18. The development of AKI is 

aided by the ensuing interstitial inflammation [31]. In summary, the inflammatory response 

triggers the production of pro-inflammatory cytokines and activates immune cells, which in 

turn leads to tubular damage and oxidative stress, which in turn causes renal 

vasoconstriction. 

5. Acid urine amplification: Because uric acid is less soluble in acidic environments, acidic 

urine (low pH) makes uric acid precipitation worse. Reduced renal function, acid retention, 

low urine pH, and increased uric acid precipitation create a vicious cycle [32]. In summary, 

acidic urine amplification results in the production and deposition of uric acid crystals, 

mechanical blockage, inflammatory reactions, tubular cell injury, and ultimately ischemia. 
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Figure 2. Graphical representation of how crystal-dependent uric acid causes acute kidney injury. 

Crystal-Independent Mechanism of AKI 

Soluble uric acid damages kidneys through both local and systemic effects (without 
crystallizing). In addition to increasing vascular responsiveness, inflammatory mediators (MCP-1, 
ICAM), reactive oxygen radicals, and vascular smooth muscle proliferation and migration, uric acid 
also activates the renin-angiotensin system, inhibits the proliferation of proximal tubular cells and 
vascular endothelial cells, reduces the bioavailability of nitric oxide, thickens preglomerular 
arteriolar walls, and impairs renal autoregulation [33]. These mechanisms are explained in full below. 

1. Dysfunctional endothelium: Renal blood vessel endothelial cells are directly damaged by 

elevated soluble uric acid levels. One of the mechanisms of endothelial damage is the 

suppression of the synthesis of nitric oxide (NO), a crucial molecule for vasodilation. The other 

is elevated reactive oxygen species (ROS) generation, which hinders vascular relaxation and 

causes oxidative stress. Endothelial dysfunction affects glomerular and tubular function by 

causing renal vasoconstriction and decreased blood flow [34]. In summary, endothelial 

dysfunction can result in renal vasoconstriction and poor vasodilation, which in turn can lead 

to decreased perfusion. 

2. Renal vasoconstriction: The renin-angiotensin-aldosterone system (RAAS) is activated by uric 

acid, which raises angiotensin II levels. This results in vasoconstriction of afferent arterioles, 

which lowers glomerular filtration rate and renal perfusion. By decreasing the amount of 

oxygen delivered to the renal tissue, this mechanism may cause AKI [35]. To put it succinctly, 

it results in decreased blood flow and oxygen delivery to renal tissue due to renal 

vasoconstriction. 
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3. Oxidative stress: Endothelial and renal tubular cells produce more ROS when exposed to uric 

acid. Tubular cell injury and compromised renal autoregulation result from oxidative stress's 

destruction of cellular components, such as proteins, lipids, and DNA [36]. In summary, 

mitochondrial dysfunction and tubular and vesicular structural damage are caused by 

oxidative stress. 

4. Inflammatory pathway activation: Pro-inflammatory signaling pathways are triggered by 

soluble uric acid. These include NF-kB activation, which raises the expression of inflammatory 

cytokines (such as TNF-alpha and IL-1beta), and stimulation of monocyte chemoattractant 

protein-1 (MCP-1), which draws immune cells to the renal interstitium. The ensuing 

inflammation worsens tubular dysfunction and harms renal parenchyma [37]. To put it 

succinctly, inflammation of renal tissue is caused by the migration of immune cells, increased 

cytokine synthesis, and activation of inflammatory pathways. 

5. Direct tubular toxicity: Uric acid causes apoptosis and necrosis in tubular cells, disrupts 

mitochondrial activity, and lowers ATP generation in proximal tubular cells [38]. In summary, 

direct tubular toxicity damages ATP production, which in turn causes tubular cell death and 

necrosis. 

6. Impaired autoregulation of renal blood flow: The kidneys' capacity to control blood flow 

through the tubuloglomerular feed mechanism is hampered by uric acid. In certain situations, 

this leads to glomerular hyperfiltration, which is followed by a reduction in renal function. 

glomerular and tubular damage as a result of impaired autoregulation, dysregulation of renal 

blood flow, and glomerular filtration [39]. To put it succinctly, endothelial dysfunction, 

excessive vasoconstriction, and an inability to adapt to changes in blood pressure might result 

from inadequate autoregulation of renal blood flow, which in turn can lead to 

tubuloglomerular feedback failure. 
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Figure 3. Graphical representation of how crystal-independent uric acid causes acute kidney injury. 

This cascade demonstrates how soluble uric acid deteriorates kidney function by encouraging 
oxidative stress, inflammation, and vascular dysfunction. The necessity of controlling hyperuricemia 
even when crystal formation is not present is highlighted by crystal-independent processes, which 
highlight the direct and systemic effects of soluble uric acid [40]. 

Mechanisms of Hyperuricemia Induced- Prerenal AKI  

Though it can exacerbate diseases that lower renal perfusion, hyperuricemia does not directly 
induce prerenal AKI. Reduced blood supply to the kidneys without obvious structural damage 
causes prerenal AKI. The kidneys in prerenal AKI have normal structure, but because of a decrease 
in effective blood volume or pressure, they experience hypoperfusion. Because it causes 
inflammation, oxidative stress, and endothelial dysfunction, uric acid may exacerbate the clinical 
picture [41]. Hyperuricemia could have an indirect effect as follows: 

Volume depletion: Prerenal AKI results from volume depletion, which is caused by 
dehydration, blood loss, or the use of diuretics and reduces blood flow to the kidneys. Dehydration 
is frequently brought on by nausea, vomiting, and poor oral intake, which are symptoms of 
conditions like TLS or flare-ups of gout. Dehydration lowered the volume of blood in circulation, 
which affected renal perfusion [25]. In summary, elevated tubular reabsorption, decreased uric acid 
clearance, formation of uric acid crystals, and ultimately decreasing renal perfusion are caused by 
decreased effective circulation volume. 

Systematic inflammation: Chronic hyperuricemia can increase endothelial dysfunction and 
produce systemic inflammation, which lowers effective renal blood flow [42]. In summary, renal 
vasoconstriction, tubuloglomerular feedback dysfunction, endothelial dysfunction, and renin-
angiotensin-aldosterone system activation are all caused by systematic inflammation.  

Hypertension and vascular dysfunction: Persistently high blood sugar levels can cause 
microvascular damage and vascular stiffness, which may have an indirect impact on renal perfusion 
[43]. To put it succinctly, reduced renal blood flow and vascular dysfunction are caused by elevated 
blood pressure and renal perfusion pressure, which also activate the sympathetic nervous system, 
impair autoregulation, increase vascular resistance, and cause tubuloglomerular feedback 
dysfunction. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 December 2024 doi:10.20944/preprints202412.0789.v1

https://doi.org/10.20944/preprints202412.0789.v1


 9 

 

Use of diuretics: Diuretics encourage the kidneys to eliminate water and electrolytes like 
potassium and salt. This fluid loss may result in hypovolemia, or volume depletion, which lowers 
the volume of blood in circulation. Prerenal AKI can result from severe fluid loss brought on by 
medications such as loop or thiazide diuretics, which are used to treat disorders linked to 
hyperuricemia. [44] In summary, volume depletion and decreased renal perfusion result in enhanced 
uric acid reabsorption, electrolyte imbalances and tubular dysfunction, induction of vasoconstriction, 
impaired tubuloglomerular feedback, and activation of the renin-angiotensin-aldosterone system. 

 
Figure 4. Graphical representation of how hyperuricemia causes prerenal acute kidney injury. 

Mechanisms of Hyperuricemia Induced- Intrinsic AKI 

Intrinsic AKI is mostly brought on by direct tubular damage and crystal deposition in the renal 
tubules, which results in inflammation, oxidative stress, and blockage. The most prevalent disorders 
linked to this kind of AKI are TLS and acute uric acid nephropathy (AUAN) [16]. The detailed 
mechanism is shown below.  

Tubular blockage caused by crystals: In urine that is acidic, uric acid dissolves poorly. In the 
renal tubules, too much uric acid crystallizes and precipitates. Backpressure and decreased GFR are 
caused by crystals obstructing the tubules [45]. In summary, urate crystal formation, crystal 
deposition in renal tubules, inflammatory response, tubular cell injury and death, blockage, and 
decreased glomerular filtration rate can all result from crystal-induced tubular obstruction. 

Injury to the tubules: Tubular epithelial cells are directly mechanically damaged by uric acid 
molecules. Tubular necrosis and inflammation are the results of this damage [46]. In short, tubular 
injury can result in renal tubular necrosis, interstitial inflammation and fibrosis, direct tubular cell 
injury, inflammatory tubular dysfunction and impaired fluid and electrolyte handling, crystal 
deposition and mechanical obstruction, vasoconstriction, and ischemic injury.  

Inflammatory response: Crystals cause a chain reaction of inflammation, drawing in immune 
cells that worsen tubular damage. Over time, fibrosis and interstitial edema are caused by 
inflammatory mediators, such as cytokines [47]. To put it succinctly, an inflammatory response can 
result in tubular injury, renal microvascular dysfunction, tubulointerstitial inflammation and fibrosis, 
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urate crystal deposition and inflammation, NLRP-3 inflammation activation, and disturbed renal 
autoregulation. 

Ischemic injury: Local blood flow in the renal medulla is impeded by obstruction and 
inflammation, which exacerbates ischemia and tubular injury [48]. It can be summed up as follows: 
ischemic injury results in decreased blood flow and impaired renal hemodynamics; endothelial 
dysfunction and microvascular injury; oxidative stress and inflammation; tubular cell dysfunction 
and necrosis; activation of the renin-angiotensin-aldosterone system; impaired autoregulation of 
renal blood flow; influx of immune and inflammatory cells; and dysfunction of tubuloglomerular 
feedback. 

Oxidative stress: In renal tissues, hyperuricemia encourages the production of ROS. ROS 
exacerbate tubular cell damage and dysfunction [46]. In summary, oxidative stress results in the 
production of ROS in response to uric acid, endothelial dysfunction and reduced renal blood flow, 
inflammatory pathway activation, tubular cell damage and apoptosis, mitochondrial dysfunction, 
fibrotic pathway activation, acid-base imbalance, and elevated urinary urate crystal formation. 

 

Figure 5. Graphical representation of how hyperuricemia causes intrinsic acute kidney injury. 

Mechanisms of Hyperuricemia Induced- Postrenal AKI 

Postrenal AKI can result from hyperuricemia when too much uric acid crystallizes and blocks 
the urine outflow system, putting back pressure on the kidneys. This diseases is usually linked to 
severe hyperuricosuria and urate nephrolithiasis, or kidney stones caused by uric acid. 
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Stone production and precipitation of crystals: In acidic urine, uric acid dissolves poorly. Uric 
acid levels in the urine rise with hyperuricemia and hyperuricosuria. Uric acid crystals precipitate 
more readily in urine with an acidic pH (<5.5). When crystals form stones, they can restrict the 
bladder, urethra, or ureters [49]. To put it succinctly, urate crystal precipitation, crystal-induced 
tubular obstruction, inflammatory response to crystal deposition, stone development and 
obstruction, direct tubular damage from crystal deposition, and increased renal vascular resistance 
are the main outcomes of crystal precipitation and stone formation. 

Urinary tract obstruction: The regular flow of urine is obstructed by uric acid stones. The GFR 
is decreased by this blockage because it raises the pressure in the renal pelvis and tubules. 
Hyponephrosis and tubular injury may arise from prolonged blockage [50]. In summary, crystal 
deposition and renal parenchymal damage, inflammation and immunological response, tubular 
injury and dysfunction, reduced glomerular filtration, renal tubular cell death and fibrosis, blockage 
of urine flow, and elevated renal pressure are all caused by urinary tract obstruction. 

Secondary damage and inflammation: Local edema and inflammation are brought on by 
obstruction, which further reduces urine flow. The development of secondary infections, such as 
pyelonephritis, can exacerbate kidney damage [51]. To put it succinctly, inflammation and secondary 
damage include uric acid crystal-induced inflammation, inflammatory cell recruitment, tubular cell 
injury and death, impaired renal hemodynamics and glomerular filtration, tubulointerstitial fibrosis, 
endothelial dysfunction and microvascular injury, acid-base imbalance and metabolic stress, and 
renin-angiotensin-aldosterone system activation. 

 

Figure 6. Graphical representation of how hyperuricemia causes postrenal acute kidney injury. 

Diagnosis of Hyperuricemia Induced-AKI 

Uric acid-induced AKI, sometimes referred to as uric acid nephropathy, is a disorder in which 
elevated uric acid causes renal failure. This condition is frequently observed in metabolic diseases 
and situations involving fast cell turnover and lysis, including TLS. Imaging, laboratory testing, and 
clinical assessment are all necessary for an accurate diagnosis [52]. This is a summary of the diagnostic 
procedure.  
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Clinical assessment: It is used to evaluate risk factors for acute kidney injury, including a history 
of gout or hyperuricemia, hematologic malignancies (e.g., leukemia, lymphoma), cancer treatment 
(chemotherapy, radiation), a high-purine diet, or dehydration [53]. 

Signs and symptoms: Evaluate AKI by noting the patient's symptoms, such as fatigue, edema, 
or indications of fluid overload, nausea, vomiting, or oliguria or anuria (lower urine output) [54].  
Laboratory tests: As blood urea nitrogen and creatinine levels rose, suggesting renal impairment, 
laboratory testing showed higher serum uric acid (>6-7 mg/dL in women and >7-8 mg/dL in men), 
and they evaluated electrolytes for hyperkalemia (high potassium), hyperphosphatemia (high 
phosphate), and hypocalcemia (low calcium) [55].  

Urine analysis: People with AKI may have elevated urine uric acid levels and tiny urate crystals 
[56]. 

Imaging studies: Renal ultrasound is used to assess the kidneys and may reveal kidney 
enlargement or, in more severe situations, obstruction by uric acid crystals. Doppler ultrasound 
might verify decreased perfusion and evaluate renal blood flow. A kidney damage or obstruction 
caused by uric acid crystal deposits can be detected with the use of a CT scan [57].  
Diagnostic criteria: Urine output <0.5 mL/kg/hr for 6 hours, or an increase in serum creatinine of >/= 
0.3 mg/dL within 48 hours or >/= 1.5 times the baseline within 7 days, are indicators of AKI. Alongside 
AKI, it manifests as hyperuricemia [34]. Other causes of AKI, like sepsis, dehydration, or other 
nephrotoxic substances, are not included [58]. 

Biopsy (rarely needed): If the diagnosis is unclear or other disorders, like glomerulonephritis, 
are suspected, a kidney biopsy may be considered [59]. 

Differential diagnosis of hyperuricemia induced-AKI  
Although AKI brought on by uric acid or hyperuricemia has distinct characteristics, it's crucial 

to distinguish it from other AKI causes. There is discussion of differential diagnosis of AKI caused 
by hyperuricemia.  

Absence of crystals in tubular obstruction: Rhabdomyolysis, or myoglobin-induced AKI, 
occurs when myoglobin produced from muscle damage blocks tubules. Tubule injury results from 
hemolysis-induced hemoglobin-induced AKI (hemolysis) and free hemoglobin [60].  
Syndromes of tumor lysis: AKI may result from the quick disintegration of cancer cells, which causes 
a large release of intracellular materials, including uric acid. Under TLS, multifactorial AKI can result 
in renal damage and tubular blockage, such as when hyperuricemia, hyperphosphatemia, and 
hyperkalemia are combined [58]. 

Acute interstitial nephritis (AIN): It is an autoimmune-related inflammation of the renal 
interstitium that caused AKI. Immunomediated inflammation is brought on by drugs such as 
NSAIDs, PPIs, and antibiotics (such as penicillin’s) and drug-induced AIN [61].  
Glomerular or tubulointerstitial diseases include acute glomerulonephritis, which is an 
inflammation of the glomeruli, usually brought on by immune-mediated factors (e.g., lupus 
nephritis, post-infections). Either ischemia or nephrotoxins (such as aminoglycosides) might result in 
acute tubular necrosis [45]. 

Crystal-induced AKI can also result from primary phosphate nephropathy, which is linked to 
bowel preparations containing phosphate or hyperphosphatemia (e.g., TLS), or calcium oxalate 
crystal nephropathy, which is observed in ethylene glycol poisoning [62]. Modified renal 
hemodialysis, hypersensitivity reactions, or the direct toxic effects of medicines or their metabolites 
can all result in drug-induced nephropathy, a renal impairment [63]. 

Management of Hyperuricemia Induced- AKI 

Managing uric acid-induced crystal-dependent acute renal injury involves preventing crystal 
formation, breaking up existing crystals, and treating inflammation and tubular blockage-induced 
kidney damage [64]. The goal of treating soluble uric acid-induced acute kidney injury that is crystal-
independent is to address the underlying processes, which include endothelial dysfunction, oxidative 
stress, inflammation, and decreased renal perfusion [14]. Here is a detailed techniques for managing 
both crystal-independent and crystal-dependent AKI together or separately. 
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Hydration 

Encourage hydration to avoid and break up crystals: Hydration is utilized in crystal-dependent 
AKI to dilute urine and lower supersaturation of uric acid in order to avoid crystal precipitation. 
Using isotonic saline for aggressive intravenous hydration in order to sustain a high urine output 
(target: 100-200 mL/hour), to ensure euvolemia [65].  

Hydration to enhance renal perfusion: Restoring and maintaining sufficient renal blood flow is 
the aim of hydration in crystal-independent AKI in order to reduce ischemia damage. Avoid fluid 
overload, particularly in patients with impaired cardiac function, and maximize intravascular 
volume and increase kidney perfusion (CI) by administering intravenous fluids, such as isotonic 
saline [66]. 
Lower uric acid levels: 

Lowering serum uric acid is the aim of crystal-dependent AKI in order to stop more crystal 
formation [14]. It also reducing serum uric acid levels in crystal-independent AKI in order to stop 
more damage [16]. Allopurinol, an inhibitor of xanthine oxidoreductase, lowers the formation of uric 
acid by blocking xanthine oxidase. Avoid during acute obstruction, but start prophylactically in high-
risk situations (e.g., TLS) [67]. Rasburicase, also known as urea oxidase (recombinant uricase), is a 
substance that changes uric acid into soluble allantoin, which is easier to eliminate. Ideal for 
immediate treatment of TLS or severe hyperuricemia [68]. Dietary strategies include limiting foods 
high in purines, such as red meat, seafood, and fructose-containing drinks [16]. 

Reduce tubular blockage: The purpose of crystal-dependent AKI is to remove blockage in the 
renal tubules brought on by uric acid crystals. For crystals to be mechanically flushed out of the 
tubules, make sure the urine flow is high. To dissolve crystals that are already present, employ 
alkalinization techniques [16].  
Track and address metabolic irregularities, acid-base, and or correct electrolyte 

Addressing AKI complications and preventing worsening of renal function are its roles in 
crystal-dependent AKI [26]. Its function is to lessen secondary damage brought on by metabolic 
abnormalities in crystal-independent AKI [69]. Keep an eye on hyperkalemia and treat it with food 
restrictions, diuretics, or dialysis if necessary. If required, use sodium bicarbonate to treat metabolic 
acidosis, which also raises urine pH. If linked to TLS, treat hyperphosphatemia and hypocalcemia. 
Address inflammation or use anti-inflammatory techniques 

The function of crystal-dependent AKI is to lessen inflammation brought on by tubular damage 
induced by crystals [70]. Its function in crystal-independent AKI is to inhibit the inflammatory 
response that uric acid causes [35]. Monitor for systemic inflammation, such as TNF-alpha and IL-
1beta, and treat any underlying inflammatory diseases. In severe cases (e.g., considerable tubular 
inflammation), take into consideration anti-inflammatory drugs like corticosteroids. 
Avoid nephrotoxic agents 

The goal of treatment for both crystal-dependent and independent patients is to stop further 
kidney damage. Steer clear of NSAIDs, aminoglycosides, contrast media, and other nephrotoxic 
medications that may worsen endothelial dysfunction and further decrease renal function. If at all 
possible, use kidney-sparing substitutes for prescription drugs [71].  

Crystal-dependent AKI and urine alkalinization: The objective of crystal-independent AKI is 
to raise urine pH to >/=6.5 in order to promote uric acid solubility. Urine can be alkalized by 
administering potassium citrate or sodium bicarbonate. Monitor for side effects such as 
hypernatremia or metabolic alkalosis [72]. 

Address oxidative stress: The purpose of crystal-independent AKI is to lessen the harm that 
ROS bring to cells. Use antioxidants to prevent oxidative damage, think about taking supplements 
such as vitamin C, vitamin E, or N-acetylcysteine (NAC) [73].  

Manage endothelial dysfunction and vasoconstriction: Its function in crystal-independent AKI 
is to enhance renal perfusion and lessen vascular damage. If a patient's volume status permits, ACEI 
or ARBs can lessen vasoconstriction by blocking the renin-angiotensin-aldosterone system (RAAS) 
[74]. 
Take care of the root causes  
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Treating the underlying cause of crystal formation and hyperuricemia is the function of crystal-
dependent AKI [75]. `Addressing the factors that lead to uric acid overload or AKI is the function of 
crystal-independent AKI [26]. TLS prevents high-risk individuals from receiving chemotherapy by 
using rigorous hydration, allopurinol, or rasburicase. Treat electrolyte imbalances and hyperuricemia 
as soon as possible. Take care of diseases like persistent hypertension, volume depletion, and sepsis. 
Lower the number of purines you eat and take care of illnesses linked to high purine metabolism. 

Support and monitor renal function: The goal of both crystal-dependent and independent AKI 
is to stop hyperuricemia and kidney damage from returning, identify worsening AKI early, and take 
swift action [76]. Emphasize the value of drinking plenty of water and avoiding risk factors such as 
meals high in purines. monitoring renal function and uric acid levels during routine follow-up for 
patients with a history of hyperuricemia or AKI. Frequent monitoring of electrolytes, uric acid levels, 
blood urea nitrogen, and serum creatinine.  

Implement renal replacement therapy (RRT): RRT is used to treat severe cases of AKI or its 
consequences in both crystal-dependent and independent AKI. It might be required for uremic 
symptoms, quickly increasing serum creatinine that is not improving with medication, prolonged 
hyperkalemia, acidosis, or fluid overload [77]. 

Limitations 

Research on AKI brought on by hyperuricemia could not be typical of people around the world, 
which would restrict the review's generalizability. These studies are unable to answer open-ended 
questions on the prevalence of hyperuricemia-induced AKI worldwide or in particular geographic 
areas with regard to dietary practices, access to healthcare, and genetic predispositions to 
hyperuricemia. These studies only focus on certain aspects, including the pathophysiology and 
therapy of hyperuricemia-induced AKI, while ignoring others, such as prevention measures, 
socioeconomic variables, or health system hurdles that affect patients who have hyperuricemia-
induced AKI. Strong evidence on the direct relationship link between hyperuricemia and AKI is 
lacking in this review. 

Summary 

In conclusion, crystal-induced tubulopathy, sometimes referred to as tumor lysis syndrome, is 
thought to be the cause of AKI. It is thought that uric acid precipitates into crystals that obstruct the 
kidney's collecting ducts and distal tubules. Without crystallizing, soluble uric acid damages the 
kidneys locally and systemically. To prevent irreversible kidney damage brought on by high uric 
acid, early detection and treatment are crucial. Uric acid-induced AKI, also called uric acid 
nephropathy, can be managed by lowering uric acid levels, alkalinizing urine to increase uric acid 
solubility, and maintaining hydration to dilute urine and avoid crystallization. 
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