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•Urinalysis

•Urine biochemistry 

•Quiz



Urinalysis
• Specimen collection

• Components
• Appearance
• Dipstick
• Microscopic examination

• Application
• Diagnosis
• Prognosis

Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.

Automated urinalysis sensitivity and 
specificity for detection of pathologic 
casts vary from 39-45% and 98-93%, 
respectively.



Specimen collection

• Cleaned genitalia and midstream specimen

• Directly from a catheter tube in case of an indwelling 
catheter

• Preferred morning & first void

• Examined within 2 hr (if refrigerated within 8 hr 2-8°C)

• Centrifuged 10 ml of urine for 5 mins with 1,500 rpm.

• Low (x10) and high (x40) power, at least 10 fields/power

Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.
UpToDate.



Components of urinalysis

• Appearance
• Color: A faint yellow tinge (darker when 

concentrated)

• Turbidity: Transparent (turbid in the presence of 
concentrated particle – RBC/WBC/Crystal)

• Odor: Strong odor in UTI due to production of 
ammonia by bacteria and fruity odor due to 
ketonuria

Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.
Fogazzi GB, Verdesca S, Garigali G. Am J Kidney Dis. 2008;51(6):1052-1067.



Red/Dark urine

Bosch X, Poch E, Grau JM. N Engl J Med. 2009;361(1):62-72.

Erythrocyte positive on dipstick



Red/Dark urine

• Steps
1) Centrifuge of urine, if red sediment only = hematuria

2) Red supernatant -> test for heme

3) If heme positive supernatant = hemoglobinuria or myoglobinuria

4) If supernatant heme negative + normal sediment
• Drugs: rifampicin, phenytoin or hydroxycobalamin (B12)

• Food dyes

• Beets/senna

• Acute intermittent porphyria

Bosch X, Poch E, Grau JM. N Engl J Med. 2009;361(1):62-72.
UpToDate.



Hemoglobinuria vs Myoglobinuria
Hemoglobinuria Myoglobinuria

Causes Intravascular hemolysis Rhabdomyolysis

Clinical features Pale +/- mild jaundice History of muscle injury

Laboratory 
investigation

Anemia, abnormal PBS,↓ 
haptoglobin, ↑reticulocyte 

count, ↑LDH, ↑AST, 
↑indirect 

hyperbilirubinemia, ↑ 
urobilinogen > bilirubin

↑CPK, ↑AST, ↑Cr (out of 
proportion)

Plasma Pink (large size + binding to 
haptoglobin)

Normal (smaller molecule + not 
protein bound = rapidly filtered)

Bosch X, Poch E, Grau JM. N Engl J Med. 2009;361(1):62-72.
UpToDate.



National Kidney Foundation Primer on Kidney Diseases, 8th edition



Specific gravity

• Specific gravity = weight of solution/equal volume of water
• Determined by the number and size of particles in urine
• Proportional to the osmolality (0.001 for 35-40 mOsmol/kg)
• Affected by protein, mannitol, dextran, and contrast media (false high)

• Urine osmolality = the number of osmoles of solute/kg of 
solvents
• Gold standard (not affected by size/temperature)
• Urine osmolality 280 mOsmol/Kg = Isosthenuria

Brenner and Rector's The Kidney, 11th edition.
UpToDate.



Urine dipstick

• Urine pH
• Reflects free hydrogen ion concentration

• Marker of “final” renal acid secretion ≠ net acid secretion

• Physiologic ranges from 4.5 – 8 depending on acid-base balance 
(> 6.5-7 = bicarbonaturia)

• Falsely high in “urease” producing pathogens (P. mirabilis)

• Falsely low if delay in handling of the specimen (bacterial 
metabolism of glucose)/low distal Na delivery

Brenner and Rector's The Kidney, 11th edition.
Kraut JA, Madias NE. Clin J Am Soc Nephrol. 2012;7(4):671-679.

UpToDate.



Urine dipstick

• Urine Heme (erythrocyte)
• Contained peroxide which interacted with “pseudoperoxidase 

action of Heme”

• False positive in hemoglobinuria, myoglobinuria, semen, 
povidone-iodine, hypochlorite, and bacteria with 
pseudoperoxidase activity (Enterobacteriaceae)

• False negative in urinary ascorbic acid (interfere peroxidase 
reaction)

• Sensitivity 95-100% and specificity 65-93%

Brenner and Rector's The Kidney, 11th edition.
UpToDate.

Fogazzi GB, Verdesca S, Garigali G. Am J Kidney Dis. 2008;51(6):1052-1067.



Urine dipstick

• Leukocyte esterase
• Released from lysed PMN and macrophages, a marker of 

WBCs
• Positive if WBC > 5-15/HPF
• Falsely high (↑ lysis): Delayed collection, low pH, low sp.gr. 
• Falsely low: High glucose, albumin, Vit C, tetracycline and high 

oxalate

• Nitrite
• Detect nitrite (converted from nitrate by most bacteria)
• False low: Enterococcus and Pseudomonas, Vit C, low intake

Brenner and Rector's The Kidney, 11th edition.
UpToDate.

Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.



Urine Protein

Brenner and Rector's The Kidney, 11th edition.

Physiology
- In GFR 100 ml/min, 180 L/d

of primary urine was produced by 
plasma which contains 10 kg of 
protein
- Only 1 g of protein passes to filtrate 
which is then reabsorbed at the 
proximal tubule
- Most proteins left in normal urine 
are secreted from tubules such as 
Tamm-Horsfall protein (50%), IgA, 
and urokinase. (total of < 150 mg/d)
- Albumin accounts for 20% of total 
protein in normal urine (< 30 mg/d

mean ≈ 10 mg/d)



Urine Protein

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition

The protein dipstick determines “protein concentration”
Trace   5-20 mg/dL
1+   30 mg/dL
2+   100 mg/dL
3+   300 mg/dL
4+   > 2,000 mg/dL
* Poor sensitivity for detecting AER < 300 mg/d

- pH, urine concentration-dependent, and sensitive 
to albumin 
- Falsely high: high pH, concentrated urine, high dose 
penicillin, sulfonamide, and contrast
- Falsely low: non-albumin protein (e.g. light chain)



Urine Protein

NST CKD guideline 2022
KDIGO CKD guideline 2024

- ถา้ตรวจพบมีโปรตีนรั่วทางปัสสาวะตัง้แต่ระดบั 1+ ขึน้ไป และไม่
มีสาเหตอ่ืุนที่สามารถท าใหเ้กิดผลบวกลวง ถือไดว้่ามีความผิดปกติ 
(2, C)
- ขอ้แนะน าในกรณีผูป่้วยเบาหวานและ/หรือความดันโลหติสูงท่ี
ตรวจไมพ่บโปรตีนรั่วทางปัสสาวะดว้ยแถบสีจุ่ม ควรพิจารณาตรวจ
เพิ่มดว้ยวิธีใดวิธีหนึ่งดงันี ้(2, B), ACR or microalbumin 
strip (cutoff 20 mg/L)
- ควรไดร้บัการตรวจซ า้อกีคร้ังในระยะเวลา 3 เดอืน หากยืนยนั
ความผิดปกติสามารถใหก้ารวินิจฉยัว่าผูป่้วยเป็นโรคไตเรือ้รงั หาก
ผลการตรวจซ า้ไมยื่นยนัความผิดปกติ ใหท้  าการตรวจคดักรองผูป่้วย
ในปีถดัไป (2, D)



Urine Protein

KDIGO CKD guideline 2024



Urine Protein

Brenner and Rector's The Kidney, 11th edition.
KDIGO CKD guideline 2024

Urine protein Urine albumin

Overall prognosis in CKD
(CKD progression, RRT, CV, mortality, etc.)

✓ ✓✓✓ (more sensitive and 
specific) esp. DKD

Diagnosis of glomerular disease 
(e.g. Nephrotic syndrome)

✓✓ (24h 3.5 g/d, UPCR 3 g/g) ✓ 

Response/target of treatment in glomerular 
disease (IgAN, FSGS, LN, MN, etc.)

✓✓✓ ✓

Pregnancy-related disease/preeclampsia ✓✓ 

24 hours vs spot protein/albumin
- 24-hour urine collection is considered the gold standard
- Considered before treatment decision (e.g. 

immunosuppression in glomerular disease)
- Preferred in patients with altered creatinine secretion (AKI)

24-hour urine creatinine to determine adequacy
Men 20-50 years: 18.5-25 MKD (15.7-20.2 MKD if age >50)
Women 20-50 years: 16.5-22.4 MKD (11.8-16.1 MKD if age > 50)
Generally: Female 15-20 MKD, male 20-25 MKD or 1 g/d



Urine dipstick

• Urine glucose
• The reagent strip detects glucose concentrations of 0.5 to 20 g/L (blood 

glucose > 180 mg/dL), positive in high blood glucose or proximal tubule 
dysfunction

• Falsely positive in exposure to hydrochloric acid and very low urine pH
• Falsely negative in large ketone, Vit C, and bacteriuria

• Urine Ketone
• Nitroprusside reaction detecting only “acetoacetate and acetone” not β-

hydroxybutyrate (80% of serum ketone)
• Falsely positive patients taking levodopa/captopril/mesna
• Falsely negative in early DKA/alcoholic ketosis

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.



Comprehensive Clinical Nephrology, 7th edition.



Microscopic examination

• Cells (RTEC, WBC, RBC, oval fat body)

• Casts (Hyaline, broad-waxy, granular, RBC cast, WBC cast, 
oval fat cast)

• Crystals (oxalate, triple phosphate, uric, cholesterol, 
cystine, and drugs crystal)



Renal tubular epithelial cell

- Diameter ∼14 μm 
- Roundish to rectangular or columnar, with a central or peripheral 
large nucleus
- Not found in healthy individuals
- Found when there is acute tubular damage (ATN, AIN +/- nephritis)
- Determined prognosis of ATN

Comprehensive Clinical Nephrology, 7th edition.
Brenner and Rector's The Kidney, 11th edition.

UpToDate.



Pyuria • Definition 
• ≥ 10 WBCs/mm3 

• ≥ 3 WBCs/HPF in unspun urine
• ≥ 5-10 WBCs/HPF in spun urine

Wise GJ, Schlegel PN. N Engl J Med. 2015;372(11):1048-1054.
Comprehensive Clinical Nephrology, 7th edition.

TTC 2016. 

• Mostly PMN (+/- if ↑monocyte/eosinophil may 
suggest AIN)

• ≠ UTI!!!

• Can be both infectious 
(bacterial/TB/fungus/viral) or sterile (AIN, 
papillary necrosis, rejection, stones, cancer)

• Can be both renal/non-renal causes 
(Appendicitis)  



Eosinophiluria
Bilobed nucleus, with eosinophilic granules
Wright stain > 5%, Hansel stain > 1%
Low sensitivity (30-50%) and specificity (70-80%) for 
AIN/drug-induced AIN

Brenner and Rector's The Kidney, 11th edition.
Muriithi AK, Nasr SH, Leung N. Clin J Am Soc Nephrol. 2013;8(11):1857-1862. 

Eosinophiluria Positive 
- AIN (drug or other causes)
- ATN
- UTI (pyelonephritis/prostatitis/cystitis), 
Bacterial, schistosomal infection
- Cholesterol emboli
- Glomerulonephritis/RPGN



Oval fat body (lipiduria)

Comprehensive Clinical Nephrology, 7th edition.
UpToDate.

- Cholesterol engulfed by desquamated tubular cell
- Variable size, dark outline, and the "Maltese cross" 
appearance under polarized light
- May form oval fat body cast
- Found in Nephrotic syndrome +/- in ADPKD



Hematuria

• Gross (macroscopic) vs microscopic 
hematuria

• Small, anucleated cells shaped as 
biconcave discs

• Definition: ≥ 3 RBCs/HPF in spun 
urine (persistent > 2-3 occasions)

• Isomorphic RBC: MCV > 80 fL (7-8 
microns) or same as RBCs in blood  

Ingelfinger JR. N Engl J Med. 2021;385(2):153-163.
Brenner and Rector's The Kidney, 11th edition.

Offringa M, Benbassat J. Postgrad Med J. 1992;68(802):648-654.



Dysmorphic RBCs/glomerular hematuria

• Dysmorphic RBC: small and irregular 
appearance RBC from the glomerular capillary 

• Consequence of damage due to pH and 
osmolality changes as the cells travel through 
the tubule

• Glomerular hematuria: 10-80% of dysmorphic 
RBCs or > 5% of acanthocytes or a presence of 
RBC cast

• Acanthocyte: a subtype of dysmorphic 
erythrocytes with a distinguishing appearance 
by the presence of blebs of different sizes and 
shapes protruding from a ring-shaped body 

Brenner and Rector's The Kidney, 11th edition.
Comprehensive Clinical Nephrology, 7th edition.



Glomerular hematuria Non-glomerular hematuria

LUTS - +++

Flank pain - (+/-IgAN with gross hematuria) +++

Color Red to dark/cola Red

Clot/contents No clots +++/stones

Dysmorphic RBCs +++ (esp. RBC cast) -

Proteinuria > 1-2 g/d (esp. nephrotic range) < 1 g/d

Extra-renal Systematic disease with glomerular involvement 
(SLE, vasculitis, IE), edema

UTI, history of stones, malignancy, trauma, 
infarction/thrombosis, systemic bleeding

Harrison's Principles of Internal Medicine, 21th edition
Ingelfinger JR. N Engl J Med. 2021;385(2):153-163.

Brenner and Rector's The Kidney, 11th edition.



Analgesic/aristolochic 

Ingelfinger JR. N Engl J Med. 2021;385(2):153-163.



Casts
• A matrix of Tamm-Horsfall urinary glycoprotein (uromodulin) +/- cells

Hyaline cast
Normal/pre-renal AKI

Broad waxy cast
CKD (advanced)

Muddy brown cast
ATN

Oval fat body cast
Nephrotic syndrome

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.



Casts

RBC cast
Glomerulonephritis

WBC cast
AIN, pyelonephritis Renal tubular epithelial cast

ATN

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.



Utility of urine microscopy

Perazella MA. Am J Kidney Dis. 2015;66(5):748-755.
Perazella MA, Coca SG. Clin J Am Soc Nephrol. 2012;7(1):167-174.

Highly specific for the diagnosis of ATN Useful for severity assessment



Crystals

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.

Uric crystal
- Rhomboid/needle
- Acidic urine (5-5.8)
- TLS, metabolic syndrome 

Ca Oxalate monohydrate
- Dumbbell/ovoid shape
- Gastric bypass, ethylene glycol, 
primary oxalosis, high Vit C, 
starfruit

Ca Oxalate dihydrate
- Envelope (bipyramidal)
- Gastric bypass, ethylene glycol, 
primary oxalosis, high Vit C, 
starfruit



Crystals

Ca Phosphate crystal (brushite)
- Pleomorphic shape
- Alkaline urine (> 7)
- dRTA, PHPTH

Magnesium ammonium phosphate
(Triple phosphate/struvite)

- Coffin lid shape
- Alkaline urine (> 7)
- Infection (Proteus, Klebsiella)

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.
Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.

Cystine crystal
- Hexagonal
- Acidic urine
- Cystinuria

Cholesterol crystal
- thin, transparent plates
- Any pH
- Normal or nephrotic 
syndrome (lipiduria)



Crystals (drug-crystals)

Ciprofloxacin
pleomorphic

Amoxycillin
Straw floor 
broom

Methotrexate
Golden brown 
clumps

Sulfadiazine
Shock of weaves

Atazanavir
Needle-like

Acyclovir 
Needle with a blunt end

Brenner and Rector's The Kidney, 11th edition.

National Kidney Foundation Primer on Kidney Diseases, 8th edition.
Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.



Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.

Alkaline urine crystal
- Ca phosphate
- Triple phosphate
- Atazanavir
- Ciprofloxacin

Pathologic crystal
- Triple phosphate
- Cystine



Application of urinalysis

Cavanaugh C, Perazella MA. Am J Kidney Dis. 2019;73(2):258-272.

RPGN: telescopic urine sediment (Dysmorphic RBCs, WBCs, oval fat and broad cast)

Maybe bland



Urine biochemistry

• Urine protein and albumin

• Urine electrolytes and creatinine

• Urine osmolality



Urine biochemistry for AKI

• Urine Na
• Indirect measure of volume status (effective circulatory volume) and 

reflects the integrity of the kidney to regulate that status
• Low urine Na in volume depletion state due to sympathetic and RAAS
• High urine Na in adequate/volume expanded status due to natriuretic 

peptide

• FE Na
• Ratio of Na excretion to filtered Na
• Na excretion = urine Na x urine flow rate
• Na filtered = plasma Na x GFR 
• FE Na accounted for Na handling independent of urine concentration 

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.



Urine biochemistry

Brenner and Rector's The Kidney, 11th edition.

*More accurate in oliguric AKI **FE Urea or FE uric in baseline diuretics usage



Urine biochemistry

Perazella MA, Coca SG. Clin J Am Soc Nephrol. 2012;7(1):167-174.

Causes with renal vasoconstriction (ACEIs/NSAIDs/CNIs/hyperCa/SRC) (pre-existing tubulopathy)
1° Adrenal insufficiency



Urine biochemistry for AKI

• FE urea
• Urea is mostly reabsorbed at the proximal tubule and diuretics 

such as furosemide/thiazide affect the more distal part

• FE urea < 35% suggests low effective circulatory volume

• Limitation: proximal tubule involvement in 
• Acetazolamide 

• Osmotic diuresis due to administration of mannitol

• Glycosuria as in uncontrolled diabetes

• Increased urea excretion resulting from high protein intake or catabolism

• Elderly patients (down-regulation of urea transport)

• Sepsis (endotoxin affects urea transport)

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.



Urine biochemistry for Hyponatremia

Spasovski G, Vanholder R, Allolio B, et al. Eur J Endocrinol. 2014;170(3):G1-G47.

Urine osmolality represents ADH activity
> 100 mOsm/kg = presence of ADH

Urine Na represents an effective arterial blood volume (EABV)
If urine Na < 30 mmol/L = low EABV

EABV ≠ ECF (determined by physical exam)



Urine biochemistry for metabolic acidosis

• Determination of net acid excretion by kidneys 
• Mostly in the form of NH4

+ > 200 mEq/d (75 mEq/L) in 3-5 days 
is not available in routine lab

• Indirect measurement of NH4
+ “net acid excretion”

• Cl- + HCO3
- + UA = Na+ + K+ + UC (electroneutrality of urine)

• UA – UC = Na+ + K+ - Cl- = UAG (assumes HCO3
- is very low)

• Urine anion gap is inverted to NH4
+ (one of the UC)

• Normal response to acidosis is -20 and abnormal is +20

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.
Kraut JA, Madias NE. Clin J Am Soc Nephrol. 2012;7(4):671-679.UA: unmeasured anion, UC: unmeasured cation, UAG: urine anion gap



Urine biochemistry for metabolic acidosis

• Urine anion gap limitations
• Alteration of UC or UA (Bicarbonaturia/d-Lactate/Hippurate)

• Low Na flow (< 25 mEq/L)

• Renal impairment

• Urine osmolal gap (UOG)
• Assumption of NH4

+ and its accompanied anion as UOG

• NH4+ can be calculated from UOG/2, UOG < 150 in acidosis = dRTA

• Limitations: Unusual compounds (alcohols), high urine Ca/Mg

• UOG = Measured osmol – 2 (Na+K) – Glucose/18 – Urea/2.8

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.
Kraut JA, Madias NE. Clin J Am Soc Nephrol. 2012;7(4):671-679.



Kamel KS, Halperin ML. Kidney Int Rep. 2021;6(5):1211-1224.

Normal kidney response to acidosis

Abnormal tubular acidification defect



Urine biochemistry for metabolic alkalosis

• Urine Cl
• Urinary excretion of chloride mirrors sodium excretion in 

response to dietary intake
• Indirect markers of effective circulatory volume
• Loss of correlation to urine Na in the presence of increased 

urine anion or cation 
• Increased urine anion (bicarbonaturia/other unabsorbed 

anion): Na/Cl ratio > 1.6
• Increased urine cation (ammonium in diarrhea): Na/Cl ratio < 

0.76

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.



Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.

Active vomiting

Non-absorbable anion



Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.

UNa > UCl 
due to Na acid salts



Urine biochemistry for polyuria

• Urine creatinine for estimation of total urine volume
• Assumption of total urine creatinine excretion = 1 g/d

• Urine output (L) = 100/spot urine creatinine (mg/dL)

• Urine Osmolality
• Differentiates types of diuresis (water <100, mixed 100-300, and 

solute > 300 mOsm/kg)

• Normal daily solute intake ≈ 600 – 900 mOsm/kg/d 

• Solute diuresis means daily urine solute excretion > normal daily 
solute intake (UOP (L) x Urine Osmol) (> 1,000 mOsm/kg/d)

Brenner and Rector's The Kidney, 11th edition.
Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.



Urine biochemistry for polyuria

Brenner and Rector's The Kidney, 11th edition.
Fluid, Electrolyte and Acid-Base Physiology, 5th edition.

Screen by spot Ucr and confirm by 24h-urine

(usually < 100)

Mixed water-solute if 100-300
Confirmed by Uosm < Posm



Urine biochemistry for DI

Brenner and Rector's The Kidney, 11th edition.
Christ-Crain M, Bichet DG, Fenske WK, et al. Nat Rev Dis Primers. 2019;5(1):54.

Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.



Urine biochemistry for solute diuresis

Brenner and Rector's The Kidney, 11th edition.
Fluid, Electrolyte and Acid-Base Physiology, 5th edition.

Palmer BF, Clegg DJ. Clin J Am Soc Nephrol. 2019;14(2):306-316.

2(Na+K)/Urine Osmol < 50% 2(Na+K)/Urine Osmol > 50%

pH > 7 Bicarbonaturia, < 6 saline uresis



Fluid, Electrolyte and Acid-Base Physiology, 5th edition.

(most common: CKD)

(pregnancy)



Thank you for your attention
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