
Dr. Majid Shabbir Khan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 3, 3580-3594 | Review 

*Corresponding Author: Dr. Majid Shabbir Khan 

Address: Associate Professor, Loknete Dr J D Pawar College of Pharmacy, Manur, Kalwan, Nashik, Maharashtra 

Email      :   mskhanpharmacy@gmail.com  

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 

any commercial or financial relationships that could be construed as a potential conflict of interest.   
                  
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                3580 | P a g e  

Crystalluria refers to the presence of crystals in urine and may result from physiological 

variations, metabolic disorders, infections, or drug therapy. Drug-induced crystalluria is 

an important yet under-recognized cause of renal morbidity, ranging from asymptomatic 

microscopic findings to obstructive uropathy and acute kidney injury (AKI). Several 

drugs, including sulfonamides, acyclovir, indinavir, methotrexate, triamterene, and 

selected antibiotics, may precipitate in urine due to poor solubility, high urinary 

concentrations, pH dependent behavior, dehydration, or formation of insoluble 

metabolites. This review outlines the mechanisms and physicochemical principles 

underlying crystalluria, with emphasis on drug-related crystal formation. Factors 

influencing crystallization such as urine pH, volume, temperature, drug dose, metabolic 

abnormalities, and infections are discussed. The clinical manifestations, including 

hematuria, renal colic, obstructive uropathy, and AKI, are highlighted. Diagnostic 

approaches focusing on urine microscopy, supported by imaging and advanced 

analytical techniques such as Fourier transform infrared spectroscopy and X-ray 

diffraction, are reviewed. Management strategies emphasizing hydration, urine pH 

modification, dose adjustment, and withdrawal of offending drugs are summarized. The 

review also addresses the pharmacovigilance importance of drug-induced crystalluria 

and highlights emerging advances such as AI-assisted urine microscopy for early 

detection and prevention of renal injury 

 

INTERNATIONAL JOURNAL OF  

PHARMACEUTICAL SCIENCES 

[ISSN: 0975-4725; CODEN(USA): IJPS00] 

Journal Homepage: https://www.ijpsjournal.com 

 

Review Paper 

Drug Induced Crystalluria 

Dr. Majid Shabbir Khan*, Pari Bhavsar, Pankaj Bharsat, Dhanashri Bhamare, 

Mohan Bute 

Loknete Dr J D Pawar College of Pharmacy, Manur, Kalwan, Nashik, Maharashtra      

ARTICLE INFO                              ABSTRACT                      
Published:  27 Mar 2026 

Keywords:  

Crystalluria; Drug-induced 

crystalluria; Crystal 

nephropathy; Acute kidney 

injury; Urine microscopy; 

Pharmacovigilance; Renal 

toxicity; Urinary crystals 

DOI:    

10.5281/zenodo.19251982 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Crystalluria refers to the presence of crystals in 

urine. These crystals may form due to normal 

physiological variations or as a result of 

pathological conditions such as metabolic 

disorders, urinary tract infections, or drug therapy. 

The kidneys play a vital role in maintaining 

homeostasis by excreting waste products, 

including drug metabolites. However, when the 

concentration of certain substances in urine 

exceeds their solubility limits, they can precipitate 

https://www.ijpsjournal.com/
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as crystals. [1]Drug-induced crystalluria represents 

a significant but often overlooked cause of renal 

complications. When drug molecules or their 

metabolites precipitate in the urinary tract, they 

may obstruct urine flow and lead to renal 

dysfunction or acute kidney injury (AKI). Clinical 

manifestations can range from asymptomatic 

microscopic crystalluria to severe renal failure 

requiring hospitalization.  

The development of crystalluria depends on 

several factors, including drug properties, urinary 

environment, patient characteristics, and hydration 

status. A thorough understanding of these 

variables is critical for healthcare professionals 

involved in the management of patients on 

medications known to cause crystalluria. Early 

identification and appropriate interventions can 

minimize the risk of renal complications. [2] 

2.Basic Concepts of Crystalluria 

Crystalluria occurs when the urine becomes 

supersaturated with certain compounds, leading to 

the nucleation and growth of crystals. This process 

is influenced by several physicochemical factors:  

Solubility Product (Ksp): The maximum 

concentration at which a solute remains dissolved 

in urine. Supersaturation: Occurs when the 

concentration of a solute exceeds its Ksp, favoring 

nucleation. Urine pH: Many compounds are pH-

dependent; acidic or alkaline urine can promote or 

inhibit crystallization.  

Urinary Volume: Low urine volume increases 

concentration of solutes, enhancing risk.  

Temperature: Affects solubility; lower 

temperatures generally decrease solubility.  

Nucleating Agents: Presence of existing crystals or 

debris can facilitate further crystallization. [3] 

Types of Crystalluria: 

Physiological Crystalluria: Harmless and 

transient, commonly seen in healthy individuals.  

Pathological Crystalluria: Associated with disease 

or drug therapy, may lead to renal impairment. 

Mechanisms of Drug-Induced Crystalluria  

Induced Crystalluria Causes:  

1. Drugs (Medications)  

Certain drugs can precipitate in urine, especially if 

they are poorly soluble or if the urine is too 

concentrated or acidic/basic. Common drugs 

include.  

• Sulfonamides (e.g., sulfadiazine)  

• Acyclovir  

• Methotrexate  

• Ampicillin  

• Indinavir (an antiretroviral drug)  

• Triamterene  

2. Dehydration  

Low urine volume increases the concentration of 

solutes, making crystal formation more likely.  

3. pH-dependent solubility  

Some drugs crystallize in acidic urine, others in 

alkaline urine.  

How It's Detected    

Crystals are seen during a urinalysis under a 

microscope. Different crystals have characteristic 

shapes (e.g., needle-shaped, rectangular, etc.). [4]  

3.Mechanisms of Drug-Induced Crystalluria 

Mechanisms of Drug-Induced Crystalluria 

(Crystalluria) 

Crystalluria (or crystalluria) refers to the presence 

of crystals in the urine, which may be caused by 

certain drugs. These crystals can lead to kidney 

irritation, obstruction, or even acute kidney injury 

(AKI) if not managed. [5] 
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Mechanisms of Drug-Induced Crystalluria 

1. Drug Precipitation in Urine 

• Some drugs or their metabolites are poorly 

soluble in urine, especially under certain pH 

conditions. 

• When urine becomes too concentrated or the 

drug’s solubility threshold is exceeded, 

crystals form. 

• These may obstruct renal tubules or cause local 

irritation. 

• Example: Sulfonamides (e.g., sulfadiazine) 

form crystals in acidic urine. 

2. pH-Dependent Solubility 

• Drug crystallization often depends on urine 

pH: 

• Acidic pH favors crystal formation of weak 

acids (e.g., sulfonamides, methotrexate). 

• Alkaline pH favors precipitation of weak bases 

(e.g., ciprofloxacin). 

• Management: Adjusting urine pH can reduce 

risk (e.g., alkalinization in methotrexate 

therapy). 

3. High Drug Concentrations 

• High doses, poor hydration, or slow renal 

clearance increases drug concentration in 

urine. 

• This super saturation leads to crystallization. 

• Drugs like acyclovir and indinavir crystallize 

when given IV at high doses. 

4. Dehydration 

• Low fluid intake or volume depletion 

concentrates urine. 

• Promotes crystal formation even for drugs with 

moderate solubility. Prevention: Ensure 

adequate hydration during and after drug 

administration. 

5. Metabolite Crystallization 

• Some drugs form insoluble metabolites that 

precipitate. 

• These are often less soluble than the parent 

compound. 

• Example: Sulfonamides → acetylated 

metabolites → lower solubility → crystalluria. 

6. Common Drugs Causing Crystalluria 

• Drug/Class    Risk Factor               

Crystals Formed In 

• Sulfonamides (e.g., sulfadiazine) Acidic 

urine, dehydration Acidic urine 

• Acyclovir High IV dose, dehydration

 Neutral to slightly alkaline urine 

• Indinavir HIV patients, alkaline urine

 Alkaline urine 

• Methotrexate High dose, acidic urine

 Acidic urine 

7. Clinical Signs 

• Cloudy urine 

• Hematuria (blood in urine) 

• Flank pain 

• Decreased urine output 

• Signs of acute kidney injury (e.g., elevated 

creatinine) 

8. Prevention & Management 

1. Adequate Hydration – Maintain high urine 

output. 

2. Urine Alkalinization or Acidification – Based 

on drug solubility. 

3. Dose Adjustment – Lower doses in renal 

impairment. 

4. Monitor Renal Function – Especially during 

high-dose therapies. 

5. Avoid Drug Combinations – That increase risk 

(e.g., multiple nephrotoxic drugs). [6] 
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4.Classification of Drugs & Detailed Examples 

Crystalluria-causing drugs are generally classified 

based on: 

1. Chemical class 

2. Urine pH dependence 

3. Solubility behavior 

4. Crystal type or morphology 

1. Sulfonamides 

Examples: 

• Sulfadiazine 

• Sulfamethoxazole 

• Sulphapyridine 

➤ Mechanism: 

• Form acetylated metabolites that are poorly 

soluble in acidic urine. 

• Leads to needle- or fan-shaped crystals. 

➤ Risk Factors: 

• Dehydration 

• Acidic urine 

• High doses 

➤ Management: 

• Hydration 

• Urinary alkalinization (e.g., sodium 

bicarbonate) 

 2. Antivirals 

 Examples: 

• Acyclovir 

• Foscarnet 

• Ganciclovir 

➤ Mechanism: 

• Poorly soluble in urine, especially when given 

IV in large doses. 

• Can cause needle-like or prismatic crystals and 

tubular obstruction. 

➤ Risk Factors: 

• Rapid IV infusion 

• Dehydration 

➤ Management: 

• Slow infusion 

• Adequate hydration 

3. Protease Inhibitors (HIV drugs) 

Examples: 

• Indinavir 

• Atazanavir 

➤ Mechanism: 

• Low solubility in alkaline urine. 

• Form plate-like or rectangular crystals. 

• May lead to ureteric obstruction or 

nephrolithiasis. 

➤ Management: 

• Hydration 

• Urinary acidification (under caution) 

4. Chemotherapeutic Agents 

Examples: 

• Methotrexate 

• Triamterene 

➤ Mechanism: 

• Low solubility of drug and its metabolites in 

acidic urine. 

• Crystals may appear as needle-shaped or 

irregular aggregates. 

➤ Risk: 

• High-dose therapy 

• Acidic urine 

➤ Management: 

• Hydration 

• Urine alkalinization 

• Leucovorin rescue (in methotrexate toxicity) 
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5. Antibiotics (Penicillins and others) 

Examples: 

• Ampicillin 

• Ciprofloxacin 

• Norfloxacin 

➤ Mechanism: 

• Crystallize in urine at high concentrations. 

• Ciprofloxacin forms stellate or needle-like 

crystals in alkaline urine. 

➤ Risk Factors: 

• IV administration 

• High doses 

• Alkaline pH 

➤ Management: 

• Hydration 
• Monitor renal function [7] [8] 

5. Types of Crystals Observed 

1. Uric Acid Crystals 

• Shape: Rhomboid, rosettes, barrel-shaped, or 

hexagonal. 

• Color: Yellow to reddish-brown. 

• Clinical note: Seen in gout, leukemia, or after 

chemotherapy. 

2. Calcium Oxalate Crystals 

• Shape: Envelope (dihydrate form), dumbbell 

or oval (monohydrate form). 

• Clinical note: Common in kidney stones, 

ethylene glycol poisoning. 

3. Calcium Phosphate Crystals 

• Shape: Rosettes, stars, or amorphous 

aggregates. 

• Clinical note: Seen in alkaline urine, 

associated with renal tubular acidosis. 

4. Triple Phosphate (Struvite) Crystals 

• Shape: “Coffin-lid” appearance. 

• Clinical note: Associated with urinary tract 

infections by urease-producing bacteria (e.g., 

Proteus). 

5. Cystine Crystals 

• Shape: Hexagonal, colorless, flat plates. 

• Clinical note: Diagnostic of cystinuria (an 

inherited metabolic disorder). 

6. Leucine Crystals 

• Shape: Spheres with concentric rings and 

radial striations. 

• Clinical note: Seen in severe liver disease. 

7. Tyrosine Crystals 

• Shape: Fine, delicate needles arranged in 

clusters or sheaves. 

• Clinical note: Seen in severe liver impairment, 

tyrosinemia. 

8. Drug-Induced Crystals 

• Sulfonamides: Yellow-brown needles or 

sheaves. 

• Indinavir (HIV drug): Rectangular plates or 

star-shaped. 

• Ampicillin: Needle-like crystals. 
• Clinical note: Important in drug-induced 

crystalluria. [9] [10]  

6. Factors Influencing Crystalluria 

1. Urine pH 

• Acidic urine favors crystals like uric acid, 

cystine, calcium oxalate. 

• Alkaline urine favors crystals like calcium 

phosphate, triple phosphate (struvite), 

ammonium biurate. 

• pH also affects the solubility of drugs (e.g., 

sulfonamides precipitate in acidic urine). 

2. Urine Concentration & Volume 
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• Low urine volume or high solute concentration 

increases supersaturation, promoting crystal 

formation. 

• Dehydration → concentrated urine → higher 

risk. 

3. Temperature 

• Crystals form more readily in cooled urine 

samples. 

• Some drug crystals (e.g., indinavir) precipitate 

more in lower temperatures. 

4. Drug Dose & Solubility 

• High doses of drugs with low solubility 

(sulfonamides, ampicillin, acyclovir, 

indinavir) increase crystalluria risk. 

• Solubility depends on pH, salt form, and urine 

flow.[11] 

5. Metabolic Disorders 

• Gout → uric acid crystals 

• Cystinuria → cystine crystals 

• Liver disease → leucine, tyrosine crystals 

6. Presence of Infections 

• Urease-producing bacteria (Proteus, 

Klebsiella) → alkaline urine → struvite 

crystals. 

7. Dietary Factors 

• High protein intake → acidic urine → uric 

acid/cystine crystals. 

• High oxalate foods (spinach, nuts) → calcium 

oxalate crystals. 

8. Genetic Predisposition 
• Inherited conditions like primary 

hyperoxaluria or cystinuria increase specific 

crystal types. [12] 

7. Clinical Manifestations 

Clinical Manifestations of Crystalluria 

Crystalluria can be an incidental laboratory finding 

in healthy individuals or a sign of an underlying 

metabolic, infectious, or drug-induced condition. 

The clinical impact depends on the type, size, and 

quantity of crystals, as well as the presence of 

associated disorders. 

1. Asymptomatic Crystalluria 

• In many cases, crystals are detected during 

routine urinalysis without any symptoms. 

• Small amounts of uric acid, calcium oxalate, or 

phosphate crystals may appear even in healthy 

individuals. 

• These usually have no clinical significance 

unless persistent or associated with other risk 

factors. 

2. Hematuria (Blood in Urine) 

• Sharp-edged crystals (e.g., calcium oxalate, 

cystine) can irritate the urinary tract lining. 

• Leads to microscopic or gross hematuria, 

burning sensation during urination, and 

discomfort. 

3. Renal Colic and Flank Pain 

• When crystals aggregate, they may form 

stones (urolithiasis). 

• This results in severe colicky pain radiating 

from flank to groin, often accompanied by 

nausea and vomiting. 

• Particularly seen in uric acid, cystine, or 

oxalate crystalluria. 

4. Lower Urinary Tract Symptoms (LUTS) 

• Frequent urination, urgency, and dysuria may 

occur due to mechanical irritation from 

crystals. 

• In drug-induced crystalluria (e.g., 

sulfonamides, acyclovir), obstruction can 

mimic urinary tract infection. 

5. Obstructive Uropathy 



Dr. Majid Shabbir Khan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 3, 3580-3594 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3586 | P a g e  

• Large crystal aggregates can block urinary 

outflow. 

• This leads to hydronephrosis (swelling of 

kidney due to urine retention) and impaired 

renal function if untreated. 

• Notable in indinavir-induced crystalluria in 

HIV patients. 

6. Urinary Tract Infections (UTIs) 

• Crystals such as struvite (magnesium 

ammonium phosphate) are associated with 

urease-producing bacterial infections. 

• Patients present with fever, foul-smelling 

urine, dysuria, and sometimes septicemia if 

severe. 

7. Renal Impairment / Acute Kidney Injury 

(AKI) 

• Drug-induced crystalluria can cause acute 

renal failure due to tubular obstruction. 

For example: 

• Acyclovir → needle-shaped crystals, 

obstructive nephropathy. 

• Methotrexate → precipitation in renal tubules, 

nephrotoxicity. 

• Sulfonamides → classic cause of crystalluria 

and renal dysfunction. 

• Systemic Manifestations 

• crystals reflect systemic disorders: 

• Leucine & Tyrosine → seen in advanced liver 

disease, patients may present with jaundice, 

ascites, and encephalopathy. 
• Cystine → seen in inherited metabolic disorder 

cystinuria, often presenting in childhood with 

recurrent stones. [13] 

8.Diagnostic Approaches 

Diagnostic Approaches in Crystalluria 

The diagnosis of crystalluria involves clinical 

evaluation, urinalysis, microscopic examination, 

and advanced techniques to identify the type and 

cause of crystals. 

1. Patient History & Clinical Examination 

• Drug intake history (sulfonamides, acyclovir, 

indinavir, methotrexate). 

• Dietary history (high protein, oxalate-rich 

foods). 

• Past history of renal stones, gout, or metabolic 

disorders. 

• Symptoms: flank pain, dysuria, hematuria, 

recurrent UTIs. 

2. Routine Urinalysis 

• Macroscopic Examination: 

• Color: reddish (uric acid), cloudy 

(phosphates), brown (drug-induced). 

• Turbidity may indicate crystalluria or 

infection. 

• Dipstick Testing: 

• pH → helps predict crystal type (acidic vs 

alkaline urine). 
• Proteinuria/hematuria → suggests renal 

involvement. [14] 

3. Microscopic Examination of Urine Sediment 

• Light Microscopy: Gold standard for 

identifying shape, size, and morphology of 

crystals. 

• Uric acid → rhomboid, rosettes 

• Calcium oxalate → envelope/dumbbell 

• Struvite → coffin-lid 

• Cystine → hexagonal 

4. Quantitative and Biochemical Analysis 

• Urine Chemistry: Measurement of uric acid, 

oxalate, cystine, calcium, phosphate. 

• Supersaturation Studies: Assess risk of stone 

formation. 

• Specific Tests: Nitroprusside test for cystine. 
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5. Imaging Studies 

• Ultrasound: Detects stones and obstruction 

from crystal aggregates. 

• X-ray KUB: Identifies radiopaque stones 

(calcium oxalate, phosphate). 

• Non-contrast CT scan: Most sensitive and 

specific for detecting urinary stones. 

6. Advanced Analytical Techniques 

• Infrared Spectroscopy (IR): Identifies crystal 

composition with high precision. 

• X-ray Diffraction (XRD): Gold standard for 

determining crystalline structure. 

• Scanning Electron Microscopy (SEM): 

Provides detailed crystal morphology. 

• High-Performance Liquid Chromatography 

(HPLC): Used in research/drug-induced 

crystalluria detection. 

7. Specialized Diagnostic Considerations 

• Drug-Induced Crystalluria: Confirmed by 

correlating patient’s medication history with 

urine microscopy findings. 

• Metabolic Screening: For recurrent or 

childhood cases (e.g., cystinuria, 

hyperoxaluria). 
• Microbiological Testing: Culture & 

sensitivity for infections (struvite crystals). [15] 

9. Management Strategies 

Management Strategies for Crystalluria 

The management of crystalluria depends on the 

underlying cause, type of crystals, symptoms, and 

associated conditions. The goals are to: 

1. Prevent crystal formation. 

2. Dissolve or eliminate existing crystals. 

3. Avoid complications such as obstruction, 

infection, and renal impairment. [16] 

1. General Measures 

• Adequate Hydration  

• Increase fluid intake to maintain urine output 

> 2–2.5 L/day. 

• Dilutes urine and reduces supersaturation of 

solutes. 

• Urine pH Modification 

• Acidic urine crystals (uric acid, cystine, some 

drug crystals) → Alkalinization with sodium 

bicarbonate, potassium citrate, or 

acetazolamide. 

• Alkaline urine crystals (struvite, calcium 

phosphate) → Acidification using ascorbic 

acid, ammonium chloride (rarely used). 

2. Dietary Modifications 

• Low purine diet (avoid red meat, shellfish) → 

reduces uric acid crystals. 

• Low oxalate diet (avoid spinach, nuts, 

chocolate, tea) → reduces calcium oxalate. 

• Salt restriction → decreases urinary calcium 

excretion. 

• Balanced protein intake → avoids excessive 

acid load. 

3. Pharmacological Interventions 

Uric Acid Crystalluria: 

• Allopurinol (xanthine oxidase inhibitor) → 

reduces uric acid production. 

• Febuxostat as alternative. 

• Cystine Crystalluria: 

• Urine alkalinization. 

• Tiopronin or D-penicillamine → increases 

cystine solubility. 

• Captopril (forms soluble cystine-captopril 

complex). 

• Calcium Oxalate Crystalluria: 

• Thiazide diuretics → reduce urinary 

calcium excretion. 

• Potassium citrate → binds calcium and 

prevents stone formation. 
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• Struvite Crystals (UTI-related): 

• Eradicate infection with antibiotics (e.g., 

fluoroquinolones, cephalosporins). 

• Surgical removal may be required for large 

stones. 

• Drug-Induced Crystalluria: 

• Stop or adjust offending drug (e.g., 

sulfonamides, acyclovir, indinavir). 

• Ensure hydration and urine 

alkalinization/acidification depending on 

solubility. 

• Use IV fluids in hospitalized patients with 

acute kidney injury. 

4. Treatment of Complications 

• Renal Colic/Obstruction: 

• Analgesics, antispasmodics, hydration. 

• Endoscopic removal/lithotripsy for 

obstructive stones. 

• Infections (struvite): 

• Antibiotic therapy + possible surgical 

intervention. 

• Acute Kidney Injury (drug-induced) 

• Immediate drug withdrawal. 

• IV fluids, urine alkalinization, hemodialysis if 

severe. 

5. Preventive Measures 

• Regular urinalysis in patients on high-risk 

drugs (e.g., acyclovir, indinavir, 

methotrexate). 

• Patient education about hydration and dietary 

balance. 
• Monitoring urine pH and crystal type in 

recurrent cases.  

10. Case Reports from Literature 

Selected case reports & short case-series (with 

references) 

1. Acute kidney injury caused by ammonium 

acid urate (AAU) crystals during recovery from 

diabetic ketoacidosis (DKA) — Hamasaki S. et 

al., 2021 

Short summary: Two patients developed AKI 

caused by AAU crystals during the recovery phase 

of severe DKA. Diagnosis was made by urine 

microscopy and clinical context; management 

focused on relieving obstruction and correcting 

metabolic derangements. Clinical take-away: 

AAU crystalluria/stone formation can occur 

during metabolic shifts (DKA recovery) and cause 

AKI.  

2. Postrenal AKI from obstructive ammonium 

acid urate stones associated with adenovirus 

gastroenteritis — Ban H. et al., BMC Urology, 

2022 

Short summary: Case of postrenal (obstructive) 

AKI in a patient who formed AAU stones after 

adenovirus gastroenteritis. This is an example of 

infection-associated changes and dehydration 

precipitating AAU stones and acute obstruction. 

Clinical take-away: in children/young patients 

with gastroenteritis + oliguria, consider 

obstructive stones (AAU) as a rare but real cause.  

3. Ammonium acid urate urolithiasis in 

anorexia nervosa (case report) — Fukui M. et 

al., 2017 (Clinical Case Reports) 

Short summary: AAU stones were reported in a 

patient with the binging–purging subtype of 

anorexia nervosa. The report discusses 

nutritional/electrolyte contributions (low urine 

volume, altered urinary composition) to AAU 

crystal formation. Clinical take-away: eating 

disorders and associated metabolic/nutritional 

changes can predispose to uncommon stone types 

such as AAU.  

4. Ammonium acid urate stones causing 

obstructive AKI — case reported in BMC 

Urology (additional perspectives / context) — 

Ban H. et al., 2022 (full case & discussion) 
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Short summary: (Complementary to item 2) 

highlights diagnostic steps (urine microscopy, 

radiology), stone analysis, and management 

(stent/ureteroscopy or conservative hydration 

depending on obstruction). Emphasizes rarity and 

importance of stone analysis for uncommon 

compositions.  

5. Crystalline-induced kidney disease — 

illustrative cases and review — Luciano RL & 

Pernaselli MA, Clinical Journal / review with 

cases, 2014 

Short summary: Review that presents multiple 

illustrative cases of crystal-induced kidney injury 

(drug crystals, uric acid, oxalate, etc.) and stresses 

the diagnostic utility of urine microscopy and early 

recognition. This is a useful background paper 

linking diverse crystal types to clinical syndromes. 

Clinical take-away: urine microscopy is often 

diagnostic and underused; crystal nephropathy 

presents across multiple causes (drugs, metabolic, 

infection-related).  

6. Acyclovir crystalluria causing AKI — case 

report illustrating drug-induced crystalluria — 

Andrews AR. et al., 2020 (case report / 

diagnostic note) 

Short summary: A patient treated with IV 

acyclovir developed opaque/milky urine; 

microscopy showed abundant needle-shaped 

birefringent crystals consistent with acyclovir 

crystalluria and renal dysfunction. Take-away: 

many drug metabolites (not just “urea” per se) can 

crystallize and cause obstruction or tubular injury 

— important differential when you see 

crystalluria.  

 

7. Uremic frost / urea crystallization on skin 

(case example & image) — Pol-Rodriguez MM. 

et al., Kidney International, 2008 

Short summary: Describes the clinical 

appearance and mechanism of uremic frost — urea 

crystals deposited on skin in severe uremia. While 

not urinary crystalluria, it shows urea’s ability to 

crystallize clinically and is relevant if your project 

covers different presentations of urea 

crystallization. 

11. Clinical Significance & Pharmacovigilance 

1. Renal Implications 

Crystals such as ammonium acid urate (AAU), 

uric acid, oxalate, or drug metabolites can 

precipitate in renal tubules. 

Clinical outcomes: acute kidney injury (AKI), 

obstructive uropathy, tubular toxicity, hematuria, 

flank pain. 

Example: AAU crystals causing AKI during DKA 

recovery and obstructive stones in gastroenteritis. 

2. Diagnostic Significance 

Urine microscopy is a low-cost, direct diagnostic 

tool for identifying crystal types. 

Early recognition of crystals in urine can guide 

differential diagnosis (drug-induced nephropathy, 

metabolic disorders). 

Review papers emphasize its underutilization in 

nephrology practice. 

3. Systemic Indicators 

In rare cases like uremic frost, visible deposition 

of urea crystals on the skin signals severe uremia, 

an emergency requiring dialysis. 

Pharmacovigilance Aspects 

1. Drug-Induced Crystalluria & Nephropathy 

Drugs like acyclovir, sulfonamides, methotrexate, 

indinavir can crystallize in urine, causing AKI. 

Clinical features: sudden rise in serum creatinine, 

oliguria, or grossly abnormal urine (milky, turbid). 

Example: Acyclovir crystalluria presenting with 

AKI; resolved after hydration and drug 

withdrawal. 

2. Monitoring & Prevention 
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Hydration and urine alkalinization are standard 

preventive strategies for drugs known to 

crystallize. 

Pharmacovigilance systems recommend 

monitoring renal function tests and urinalysis 

during therapy with high-risk drugs. 

Reporting of adverse drug reactions (ADRs) 

involving crystalluria to national 

pharmacovigilance centers is essential. 

3. Regulatory Perspective 

Regulatory agencies (e.g., WHO-UMC, US FDA, 

EMA) classify crystalluria and crystal 

nephropathy as serious ADRs. 

Signal detection from spontaneous reporting 

databases has led to label changes for drugs like 

indinavir and acyclovir. 

4. Importance in Clinical Trials & Post-

Marketing Surveillance 

Pre-approval studies may under-detect crystalluria 

due to limited sample size. 

Post-marketing pharmacovigilance captures rare 

but clinically significant events, improving 

prescribing safety. [17] 

12. Challenges & Limitations 

Challenges and Limitations  

1. Diagnostic Challenges 

• Overlapping Crystal Morphologies 

Different crystals (e.g., uric acid, oxalate, 

ammonium acid urate, drug crystals) can look 

similar under light microscopy, leading to 

misclassification. 

• Limited Availability of Advanced Tools 

Techniques like infrared spectroscopy (FTIR), X-

ray diffraction, or scanning electron microscopy 

for crystal analysis are not routinely available in 

many hospitals. 

• Asymptomatic Cases 

Crystalluria can be clinically silent, making 

detection highly dependent on routine urine 

microscopy, which is often underutilized. 

2. Clinical Management Limitations 

• Lack of Standardized Guidelines 

While hydration and alkalinization are common 

preventive measures, no uniform international 

guidelines exist for managing crystalluria due to 

different etiologies (metabolic vs. drug-induced 

vs. infection-related). 

• Recurrence Risk 

Even after acute management, patients with 

metabolic or infectious predispositions can 

develop recurrent crystalluria and stones. 

• Late Diagnosis → Irreversible Damage 

In some cases (e.g., drug-induced AKI, obstructive 

urolithiasis), delayed recognition can lead to 

permanent renal impairment. 

3. Pharmacovigilance Limitations 

• Underreporting of ADRs 

Many cases of crystalluria or crystal-induced AKI 

related to drugs (acyclovir, sulfonamides, 

indinavir, etc.) are not reported to 

pharmacovigilance systems. 

• Sparse Data in Children & Rare Conditions 

Most pharmacovigilance databases are skewed 

towards adult populations; pediatric crystalluria 

(e.g., after viral gastroenteritis) is under 

documented. 

• Signal Detection Issues 

Crystalluria is often reported as part of “acute 

kidney injury” ADRs, leading to loss of specificity 

in pharmacovigilance databases. 

4. Research and Literature Gaps 

• Limited Case Reports 
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Most published data are single case reports or 

small case series; robust large-scale 

epidemiological studies are lacking. 

• Geographic Variation 

Prevalence of certain crystal types (e.g., 

ammonium acid urate stones) is higher in 

developing countries with higher dehydration and 

malnutrition rates, but comparative studies are 

limited. 

• Mechanistic Uncertainty 

Pathophysiological mechanisms (e.g., exact 

triggers for AAU crystallization during DKA 

recovery) remain incompletely understood. 

13. Recent Advances & Future Directions 

❖ Recent advances 

1.Diagnostics — more sensitive, specific, and 

automated tools 

• Automated/AI urine-microscopy: Deep-

learning models and production-grade 

detectors (YOLO variants, RF-DETR 

adaptations) now reliably classify urine 

sediment (cells, casts, crystals) from digital 

microscopic images, reducing operator 

variability and enabling high-throughput 

screening. These systems show good accuracy 

on multi-thousand image datasets and are 

being validated for clinical use.  

• Spectroscopic crystal identification: FTIR 

and Raman spectroscopy (including ATR-

FTIR with chemometrics) are increasingly 

used to identify stone/crystal composition 

rapidly and with high specificity — useful for 

distinguishing ammonium urate from uric acid 

or drug crystals where light microscopy is 

ambiguous.  

• Radiomics to complement imaging: 

Advanced CT/dual-energy CT radiomics and 

machine-learning classifiers help differentiate 

stone types that conventional DECT struggles 

with (e.g., ammonium urate vs uric acid). This 

reduces diagnostic uncertainty for obstructing 

stones.  

2) Clinical management & prevention — 

targeted, evidence-informed strategies 

• Refined pharmacologic and supportive 

measures: Reviews and guidance emphasize 

individualized prevention (aggressive 

hydration, urinary alkalinization when 

appropriate, dose adjustment or temporary 

withdrawal of offending drugs) and earlier 

intervention to prevent permanent renal injury. 

Updated toxic-nephropathy reviews synthesize 

prevention principles across drug classes.  

• Large-scale stone composition databases + 

AI: Programs analyzing tens of thousands of 

stone spectra have used AI to classify stone 

types and explore epidemiologic trends — 

enabling data-driven prevention strategies and 

better risk stratification.  

3) Pharmacovigilance & surveillance — better 

signal detection 

• Digital signal-detection & AI in ADR 

databases: Methodological improvements in 

mining pharmacovigilance databases and 

coupling EHR/urinalysis data allow earlier 

identification of drug-crystalluria signals (e.g., 

acyclovir, indinavir). There is movement 

toward integrating urine analysis outputs into 

post-marketing surveillance pipelines.  

4) Research tools & mechanistic insights 

• Urinary microbiome and stone formation 

links: Emerging studies link bacteria and the 

urinary microbiome to stone pathogenesis 

(inflammation, nucleation)—a growing area 

that may inform why certain metabolic states 
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(e.g., dehydration, DKA recovery) predispose 

to specific crystals.  

❖ Key limitations  

• Many advances are still at the validation or 

early implementation stage (limited 

multicenter prospective outcome data). 

• FTIR/Raman and advanced AI tools require 

infrastructure and curated datasets; not yet 

universal in low-resource settings. 

• Pharmacovigilance signal specificity remains 

imperfect because crystalluria is often buried 

under broad AKI reports. (These are 

elaborated in your Challenges section.)  

❖ Future directions (actionable research & 

clinical priorities) 

A. Short-term (1–3 years) 

1. Clinical validation of AI microscopy for 

crystals — multicenter prospective studies 

comparing automated classifiers vs expert 

microscopy + FTIR confirmatory analysis; 

incorporate crystal-level labels into datasets. 

(Leverage YOLO/DETR models already 

published.)  

2. Integrate spectroscopic confirmation into 

routine workflows — create local FTIR/Raman 

hubs (or centralized reference labs) for rapid 

confirmation when microscopy is ambiguous, 

especially for suspected AAU or drug crystals.  

3. Strengthen ADR reporting for crystalluria — 

develop EHR triggers (sudden creatinine rise + 

documented crystalluria) to auto-flag possible 

crystal nephropathy for pharmacovigilance 

review.  

B. Medium-term (3–6 years) 

1. Standardize reporting & nomenclature — 

consensus guidelines for reporting crystalluria 

(microscopy descriptors, confirmatory 

spectroscopy, clinical context) to improve data 

quality for research and safety signals. 

2. Point-of-care spectrometers & smartphone 

microscopy — miniaturized/affordable Raman or 

FTIR accessories and smartphone-based sediment 

imaging + cloud AI could democratize diagnostics 

in low-resource settings. Pilot projects should be 

funded.  

3. Prospective registries — international 

registries for crystalline nephropathies (drug-

induced, metabolic, infection-associated) to 

quantify incidence, recurrence, and long-term 

outcomes. 

C. Long-term (6+ years) 

1. Biomarker and pathogenesis studies — 

identify urinary biomarkers (proteins, nano-

particles, or metabolomic signatures) that predict 

imminent crystal formation or tubular obstruction 

before overt AKI. 

2. Targeted chemoprevention — small molecule 

or biologic agents that inhibit crystal 

nucleation/aggregation (based on molecular 

mechanisms) — requires translational research 

bridging in vitro crystallization models and 

clinical trials. 

3. AI-driven personalized prevention — 

integrate diet, genetics, microbiome, medication 

exposure, and prior stone spectrometry into 

models that generate individualized prevention 

plans (dietary, pharmacologic, monitoring 

frequency).[18] 

CONCLUSION 

• Crystal urea and related forms of crystalluria 

represent an important but often under-

recognized spectrum of renal disorders, 
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ranging from benign asymptomatic crystal 

excretion to life-threatening acute kidney 

injury (AKI). Ammonium acid urate (AAU) 

and uric acid crystals occur in specific clinical 

contexts such as dehydration, infection, eating 

disorders, or metabolic shifts like recovery 

from diabetic ketoacidosis, while certain 

medications (acyclovir, sulfonamides, 

indinavir, methotrexate) may precipitate as 

drug crystals and trigger nephropathy. Rare 

systemic manifestations such as uremic frost 

further illustrate the ability of urea to 

crystallize in vivo. 

• The clinical significance lies in early 

recognition: crystalluria is both a diagnostic 

clue and a warning sign of ongoing or 

impending renal injury. Urine microscopy 

remains a powerful, low-cost tool, but is 

limited by observer variability and 

morphological overlap between crystal types. 

Confirmatory methods like FTIR or Raman 

spectroscopy and advanced imaging (dual-

energy CT, radiomics) are increasingly useful, 

but access is limited in many regions. 

• From a pharmacovigilance perspective, 

crystal-induced nephropathies are important 

adverse drug reactions, yet they remain 

underreported due to misclassification under 

broad “AKI” categories. Improved reporting 

systems, integration with electronic health 

records, and regulatory recognition have 

already influenced drug labeling and safe-use 

recommendations for several agents. 

• Despite advances, significant challenges 

persist: lack of standardized diagnostic 

guidelines, limited epidemiological data 

beyond case reports, and restricted access to 

confirmatory technologies in resource-limited 

settings. Recent advances in artificial 

intelligence for automated urine microscopy, 

chemometric spectroscopy for crystal typing, 

and large-scale spectral databases for stone 

classification are promising developments. 

Future directions include the creation of 

registries, improved ADR signal detection, 

novel biomarkers to predict crystal formation, 

and potential pharmacologic inhibitors of 

crystallization. 

• In summary, crystal urea is not merely a 

microscopic finding but a clinically 

meaningful phenomenon with diagnostic, 

therapeutic, and pharmacovigilance 

implications. A multidisciplinary approach—

combining routine urine microscopy, 

advanced laboratory tools, vigilant ADR 

reporting, and evolving AI technologies—will 

be critical for improving early detection, 

guiding management, and preventing 

irreversible renal injury. By bridging current 

diagnostic gaps and strengthening 

surveillance, clinicians and researchers can 

move toward precision prevention and 

management of crystalluria-related kidney 

disease. 
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