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HematuriaHematuria

•• Common in pediatric patientsCommon in pediatric patients
•• Hematuria alone accounts for about 30% Hematuria alone accounts for about 30% 

of children referred to a pediatric of children referred to a pediatric 
nephrology clinic.nephrology clinic.

•• Prevalence of hematuria tends to increase Prevalence of hematuria tends to increase 
with age during childhood and with age during childhood and 
adolescence.adolescence.



Epidemiology of Hematuria in ChildrenEpidemiology of Hematuria in Children

AuthorAuthor LocationLocation AgeAge NN

Dodge Dodge 
19761976

GalvestonGalveston 6 6 –– 12 12 
yearsyears

60706070

VehaskariVehaskari
1979 1979 

FinlandFinland 8 8 –– 15 15 
yearsyears

89548954

Murakami Murakami 
19911991

JapanJapan 6 6 –– 14 14 
yearsyears

560,000560,000



Epidemiology of HematuriaEpidemiology of Hematuria

•• Prevalence of hematuria in 2 or more Prevalence of hematuria in 2 or more 
urine specimensurine specimens
–– Higher in girls than boys throughout childhoodHigher in girls than boys throughout childhood
–– Tends to increase with age throughout Tends to increase with age throughout 

childhood and adolescencechildhood and adolescence
–– 0.05 to 3% of school age children0.05 to 3% of school age children



Definition of HematuriaDefinition of Hematuria

•• Healthy individuals excrete 1Healthy individuals excrete 1--2 million 2 million RBCRBC’’ss/day /day 
(1500/minute)(1500/minute)

•• > 5 > 5 RBCRBC’’ss/ / hpfhpf on a centrifuged urine specimenon a centrifuged urine specimen
•• Gross hematuria = red, brown, Gross hematuria = red, brown, ““cokecoke--coloredcolored””, , 

smoky, or other colorsmoky, or other color
–– Often very worrisome to parentsOften very worrisome to parents

•• Microscopic hematuria = > 5 Microscopic hematuria = > 5 RBCRBC’’ss/ / hpfhpf on urine on urine 
specimen but no discoloration of urine.specimen but no discoloration of urine.



Urine dipstick for hemoglobinUrine dipstick for hemoglobin
•• Paper strip testsPaper strip tests

–– Orthotoluidine impregnated, buffered with peroxideOrthotoluidine impregnated, buffered with peroxide
–– Hemoglobin catalyzes oxidation reactionHemoglobin catalyzes oxidation reaction

•• GreenGreen--Blue color change in presence of Blue color change in presence of 
hemoglobin or myoglobinhemoglobin or myoglobin
–– Hemoglobin may be free or within Hemoglobin may be free or within RBCRBC’’ss
–– Dipstick more sensitive for free hemoglobin than for Dipstick more sensitive for free hemoglobin than for 

RBCRBC’’ss
•• Diffuse vs. speckled Diffuse vs. speckled 

–– Detects as few as 2Detects as few as 2--5 intact 5 intact RBCRBC’’ss
–– False + with hypochlorite or microbial peroxidase with False + with hypochlorite or microbial peroxidase with 

UTIUTI



Confirmation of HematuriaConfirmation of Hematuria

•• Microscopic examination is essential.Microscopic examination is essential.
–– Fresh urine centrifuged in a conical tubeFresh urine centrifuged in a conical tube
–– Consider phase contrast microscopeConsider phase contrast microscope
–– Glomerular hematuria:Glomerular hematuria:

•• Great variation in size, shape, and hemoglobin Great variation in size, shape, and hemoglobin 
content between content between RBCRBC’’ss..

•• May also have RBC cast or heavy proteinuriaMay also have RBC cast or heavy proteinuria

–– Nonglomerular hematuria:Nonglomerular hematuria:
•• Uniform size and shape of Uniform size and shape of RBCRBC’’ss, no casts, no casts



Causes of Red UrineCauses of Red Urine
Urine dipstick positive for blood

Hematuria
Myoglobinuria
Hemoglobinuria

Cellular elements of microscopy

Hematuria Myoglobinuria
Hemoglobinuria

Other pigments

Yes No

Yes No



Causes of Red UrineCauses of Red Urine

•• HemoglobinuriaHemoglobinuria
–– Drugs: quinine, sulfonamidesDrugs: quinine, sulfonamides
–– Chemicals: COChemicals: CO22, chloroform, fava beans, , chloroform, fava beans, 

naphthalene, oxalic acid, phenylhydrazine, naphthalene, oxalic acid, phenylhydrazine, 
snake venom, tinsnake venom, tin

–– Exercise, cold, intravascular hemolysisExercise, cold, intravascular hemolysis

•• MyoglobinuriaMyoglobinuria



Causes of Red UrineCauses of Red Urine

•• Discolored urineDiscolored urine
–– DrugsDrugs: phenytoin, : phenytoin, phenophthaleinphenophthalein, , phenothiazidesphenothiazides, , 

pyridiumpyridium, rifampin, chloroquine, deferoxamine, rifampin, chloroquine, deferoxamine

–– Foods and dyesFoods and dyes: blackberries, beets, vegetable : blackberries, beets, vegetable 
dyesdyes

–– Internal pigmentsInternal pigments: bilirubin, urates (red diaper : bilirubin, urates (red diaper 
syndrome), porphyrins, metabolic errors syndrome), porphyrins, metabolic errors 
(alcaptonuria, tyrosinosis, homogentisic acid)(alcaptonuria, tyrosinosis, homogentisic acid)



Etiology of HematuriaEtiology of Hematuria
Glomerular

PSAGN
Lupus
IgA, HSP
MPGN
RPGN
Alport’s, benign hematuria
FSGS, NIL
MGN
nephrosclerosis

Tubulointerstitial
infection
ATN
trauma
cystic kidney disease
nephrocalcinosis
nephrolithasis

Vascular
RVT
malformations

Tumor

Upper collecting system
urolithasis, hypercalcuria
hydronephrosis
trauma
vascular malformations
papillary necrosis
infection

Lower collecting system
infection
foreign body
trauma
urolithasis
tumor
drugs (cyclophosphamide)



Poststreptococcal Acute Poststreptococcal Acute 
Glomerulonephritis: Clinical Glomerulonephritis: Clinical 
FeaturesFeatures
•• 60% of cases in children 2 to 12 years of age60% of cases in children 2 to 12 years of age
•• 2:1 male: female ratio2:1 male: female ratio
•• May follow either pharyngeal or skin infection May follow either pharyngeal or skin infection 

even if treated with antibioticseven if treated with antibiotics
•• Abrupt onset of nephritic syndrome following a Abrupt onset of nephritic syndrome following a 

latent period averaging 10 days after latent period averaging 10 days after 
streptococcal infectionstreptococcal infection

•• Clinical presentation varies from mild hematuria Clinical presentation varies from mild hematuria 
to severe hypertension or renal insufficiencyto severe hypertension or renal insufficiency



Poststreptococcal Acute Poststreptococcal Acute 
Glomerulonephritis: DiagnosisGlomerulonephritis: Diagnosis

•• Nephritic syndrome with no other systemic Nephritic syndrome with no other systemic 
signs or symptomssigns or symptoms

•• Positive streptococcal antibodyPositive streptococcal antibody
•• Decreased CDecreased C33



Poststreptococcal Acute Poststreptococcal Acute 
Glomerulonephritis: Serologic Glomerulonephritis: Serologic 
Findings in First Week of DiseaseFindings in First Week of Disease

TestTest Frequency Frequency 
(%)(%)

AntiAnti--
streptococcalstreptococcal
antibodiesantibodies

ASO>200 Todd unitsASO>200 Todd units
AntihyalAntihyal>1:512>1:512
Streptozyme>1:200Streptozyme>1:200

6060
6363
8989

ImmunoglobinsImmunoglobins S IgG>1600mg/dlS IgG>1600mg/dl
S IgM>150mg/dlS IgM>150mg/dl

9090
8585

Other Other 
immunologic immunologic 
studiesstudies

RF > 1:32RF > 1:32
Decreased CDecreased C33

CryoglobulinsCryoglobulins

4444
8989
7373



Poststreptococcal Acute Poststreptococcal Acute 
Glomerulonephritis: Clinical CourseGlomerulonephritis: Clinical Course

•• Gradual improvement in acute symptoms Gradual improvement in acute symptoms 
over 1 to 3 weeksover 1 to 3 weeks

•• Clinical resolution in 6 to 12 monthsClinical resolution in 6 to 12 months
•• Histologic resolution may take as long as 2 Histologic resolution may take as long as 2 

yearsyears
•• Prognosis = excellentPrognosis = excellent



IgA nephropathyIgA nephropathy

•• Common presentation is gross hematuria Common presentation is gross hematuria 
with URIwith URI

•• C3 is normalC3 is normal
•• Confirmation is on renal biopsy Confirmation is on renal biopsy –– same same 

pathology as HSPpathology as HSP
•• Treatment?Treatment?
•• Prognosis is related to presence of Prognosis is related to presence of 

proteinuria or hypertensionproteinuria or hypertension



HenochHenoch--ScholeinScholein purpurapurpura

•• Systemic vasculitis affecting multiple organsSystemic vasculitis affecting multiple organs
–– Skin Skin –– purpuric rash in essentially all patientspurpuric rash in essentially all patients
–– GI GI –– in 33% with abdominal pain, GI bleedingin 33% with abdominal pain, GI bleeding
–– Joints Joints –– in 66% with arthralgias and arthritisin 66% with arthralgias and arthritis
–– Kidneys Kidneys –– in 50% with hematuria to more severe with in 50% with hematuria to more severe with 

longlong--term complicationsterm complications

•• Clinical diagnosisClinical diagnosis
•• Treatment?Treatment?



AlportAlport’’s syndromes syndrome

•• XX--linked inheritance linked inheritance 
•• Results from mutation in gene for alphaResults from mutation in gene for alpha--5 chain 5 chain 

of basement membrane collagenof basement membrane collagen
•• Associated with Associated with sensineuralsensineural deafness and deafness and 

hypertensionhypertension
•• Female carriers have less urinary findings and Female carriers have less urinary findings and 

rarely develop renal failure.rarely develop renal failure.
•• Hypertension and hematuria often develop Hypertension and hematuria often develop 

during childhood with renal failure in teens or as during childhood with renal failure in teens or as 
young adult.young adult.



Myoglobinuria and RhabdomyolysisMyoglobinuria and Rhabdomyolysis

•• No or few No or few RBCRBC’’ss with positive urine dipstick for with positive urine dipstick for 
bloodblood

•• May present with dark urineMay present with dark urine
•• Can occur with strenuous exercise in the heat Can occur with strenuous exercise in the heat 

especially if dehydration is presentespecially if dehydration is present
•• Can progress to ARF if not promptly treatedCan progress to ARF if not promptly treated
•• Rapid diagnosis, fluid replacement, and Rapid diagnosis, fluid replacement, and 

alkalinization of the urine can improve outcomealkalinization of the urine can improve outcome



Hypercalcuria: DefinitionHypercalcuria: Definition

•• Urine calcium > 4 mg/kg/d in timed urine Urine calcium > 4 mg/kg/d in timed urine 
collectioncollection

•• Screening with Ur Ca/Cr ratioScreening with Ur Ca/Cr ratio
–– > 0.2 in school> 0.2 in school--aged children and adultsaged children and adults
–– >0.6 in infants from 6 to 12 months of age>0.6 in infants from 6 to 12 months of age
–– >0.8 in infants < 6 months of age>0.8 in infants < 6 months of age
–– Not completely diagnostic as calcium Not completely diagnostic as calcium 

excretion varies with mealsexcretion varies with meals



Hypercalcuria: EpidemiologyHypercalcuria: Epidemiology

•• Occurs in 3Occurs in 3--4% of healthy children4% of healthy children
•• Occurs in 27Occurs in 27--35% of children with isolated 35% of children with isolated 

hematuriahematuria
•• In patients with hematuria, hypercalcuria is In patients with hematuria, hypercalcuria is 

more common in:more common in:
–– MalesMales
–– CaucasiansCaucasians
–– Patients with a family history of Patients with a family history of nephrolithasisnephrolithasis
–– Patients with gross hematuriaPatients with gross hematuria
–– Patients with calcium oxalate crystals on urinalysisPatients with calcium oxalate crystals on urinalysis



Hypercalcuria: PrognosisHypercalcuria: Prognosis

•• Resolution of both microscopic and gross Resolution of both microscopic and gross 
hematuria occurs in 70hematuria occurs in 70--80% 80% 

•• Hypercalcuria may be episodicHypercalcuria may be episodic
•• 17% of children with hypercalcuria 17% of children with hypercalcuria 

developed developed nephrolithasisnephrolithasis over 5 year over 5 year 
followfollow--upup

•• Treatment is probably not merited unless Treatment is probably not merited unless 
nephrolithasisnephrolithasis developsdevelops



Evaluation of HematuriaEvaluation of Hematuria

•• Literature often difficult to followLiterature often difficult to follow
•• Goals for the Primary Care PhysicianGoals for the Primary Care Physician

–– Recognize and confirm the presence of Recognize and confirm the presence of 
hematuriahematuria

–– Identify common etiologiesIdentify common etiologies
–– Select those patients with potentially more Select those patients with potentially more 

significant problems related to hematuria for significant problems related to hematuria for 
referralreferral



Recognition of HematuriaRecognition of Hematuria

•• Reasons children are seen and discovered Reasons children are seen and discovered 
to have hematuriato have hematuria
–– Onset of gross hematuriaOnset of gross hematuria
–– Onset of urinary or other symptoms with a Onset of urinary or other symptoms with a 

finding of hematuriafinding of hematuria
–– Routine visit where urinalysis is requiredRoutine visit where urinalysis is required

•• Most commonly discovered with dipstick + Most commonly discovered with dipstick + 
for bloodfor blood



Confirmation of HematuriaConfirmation of Hematuria

•• Microscopic examination of centrifuged Microscopic examination of centrifuged 
urineurine
–– >>5 5 RBCRBC’’s/hpfs/hpf

•• Repeat urinalysis with microscopic examRepeat urinalysis with microscopic exam
–– >>5 5 RBCRBC’’s/hpfs/hpf in three specimens collected in three specimens collected 

over a few weeks periodover a few weeks period



Categories of HematuriaCategories of Hematuria

•• Gross hematuriaGross hematuria
•• Microscopic hematuria with clinical Microscopic hematuria with clinical 

symptomssymptoms
•• Asymptomatic microscopic hematuria Asymptomatic microscopic hematuria 

(isolated)(isolated)
•• Asymptomatic microscopic hematuria with Asymptomatic microscopic hematuria with 

proteinuriaproteinuria
Caveat: Severity of the disease generally varies with the degree of the 
hemturia and with the presence of proteinuria.



Gross HematuriaGross Hematuria
•• Uncommon with prevalence of 0.13%Uncommon with prevalence of 0.13%
•• 56% of these children had an easily 56% of these children had an easily 

recognizable causerecognizable cause
Most CommonMost Common
DiagnosesDiagnoses

Less Obvious Less Obvious 
DiagnosesDiagnoses

UTIUTI 26%26% RecurrentRecurrent 5%5%
Perineal irritationPerineal irritation 11%11% Acute nephritisAcute nephritis 4%4%

TraumaTrauma 7%7% UPJUPJ 1%1%
Meatal ulcerationMeatal ulceration 7%7% ? UTI? UTI 23%23%
CoagCoag 4%4% Unknown, otherUnknown, other 12%12%
StonesStones 2%2%



Algorithm for Gross HematuriaAlgorithm for Gross Hematuria
Gross Hematuria

History and PE
Urine culture, CBC, S Cr
C3, Ur Ca/Cr
Renal ultrasound

Persists
1 week

Treatment

Refer to
nephrologist F/U

DxNo Dx

Dx

No Dx
ResolvedPersists

Diven and Travis, Pediatr Nephrol 14:65,2000.



Evaluation for Microscopic Evaluation for Microscopic 
HematuriaHematuria
•• History and physical examHistory and physical exam
•• Define associated symptoms if presentDefine associated symptoms if present

–– General: fever, malaise, pain, HTN, edemaGeneral: fever, malaise, pain, HTN, edema
–– NonNon--urinary tract: rash, arthritis, jaundice, urinary tract: rash, arthritis, jaundice, 

respiratory, GI, etc.respiratory, GI, etc.
–– Urinary tract: dysuria, frequency, enuresis, edema, Urinary tract: dysuria, frequency, enuresis, edema, 

HTNHTN
•• Urinalysis for proteinUrinalysis for protein
•• Determine categoryDetermine category

–– Microscopic hematuria with clinical symptomsMicroscopic hematuria with clinical symptoms
–– Asymptomatic microscopic hematuriaAsymptomatic microscopic hematuria
–– Asymptomatic microscopic hematuria with proteinuriaAsymptomatic microscopic hematuria with proteinuria



Microscopic Hematuria with Clinical Microscopic Hematuria with Clinical 
SymptomsSymptoms

•• Wide variety of etiologies in this groupWide variety of etiologies in this group
–– infectious, renal, rheumatologic, immunologic, lower infectious, renal, rheumatologic, immunologic, lower 

urinary tract disease, tumors, vascular disease, urinary tract disease, tumors, vascular disease, 
hematologic, drughematologic, drug--related, and othersrelated, and others

•• Probably the most difficult for the primary care Probably the most difficult for the primary care 
physicianphysician

•• Unless a clear diagnosis is readily apparent, Unless a clear diagnosis is readily apparent, 
these probably need to be referred to a these probably need to be referred to a 
nephrologist.nephrologist.



Algorithm for Microscopic Algorithm for Microscopic 
Hematuria with Clinical SymptomsHematuria with Clinical Symptoms

Microscopic Hematuria
With Clinical Symptoms

Symptom-specific
evaluation

Unexplained Diagnosis

Refer to
nephrologist

Complicated Straight-forward

Treatment

Resolution, F/URecurrence

Diven and Travis, Pediatr Nephrol 14:65, 2000.



Asymptomatic Microscopic Asymptomatic Microscopic 
HematuriaHematuria

•• Common with prevalence of 0.4 to 4.1% Common with prevalence of 0.4 to 4.1% 
of children depending on criteria used to of children depending on criteria used to 
define hematuriadefine hematuria

•• Indication for repeat urinalysis over the Indication for repeat urinalysis over the 
next few weeksnext few weeks

•• No further investigation unless hematuria No further investigation unless hematuria 
is persistent over these few weeksis persistent over these few weeks



Algorithm for Asymptomatic Algorithm for Asymptomatic 
Microscopic HematuriaMicroscopic Hematuria

Asymptomatic microscopic
hematuria

Repeat UA 2-3 X
Over 2-3 weeks

Urine cultureTreat No F/U

F/U q 3 
months

Persists 1 year:
Ur Ca/Cr, familial UARefer to nephrologist

Protein +

ResolvedPersists+

Diven and Travis, Pediatr Nephrol 14:65, 2000.

-



Asymptomatic Microscopic Asymptomatic Microscopic 
Hematuria with ProteinuriaHematuria with Proteinuria
•• Uncommon with prevalence of about 0.06%Uncommon with prevalence of about 0.06%
•• Children with significant renal disease tend to be Children with significant renal disease tend to be 

in this group in epidemiologic surveysin this group in epidemiologic surveys
•• However, spontaneous resolution may occur in However, spontaneous resolution may occur in 

as many as 50% in this category during followas many as 50% in this category during follow--
up.up.

•• Presence of proteinuria strongly suggests Presence of proteinuria strongly suggests 
glomerular origin of hematuriaglomerular origin of hematuria

•• Presence of significant renal disorder is Presence of significant renal disorder is 
correlated with the amount of proteinuriacorrelated with the amount of proteinuria



Algorithm for Asymptomatic Algorithm for Asymptomatic 
Microscopic Hematuria with Microscopic Hematuria with 
ProteinuriaProteinuria

Asymptomatic Microscopic
Hematuria with proteinuria

Quantitate Ur protein
>4mg/m2/hr or
Ur Pr/Cr>0.2

Dip protein +
<4mg/m2/hr or
Ur Pr/Cr<0.2

Repeat UA
Over 2-3 weeks

Hematuria &
Proteinuria

Hematuria
only

Hematuria & 
Proteinuria
resolved

No F/U
F/U as Asymptomatic
Microscopic Hematuria

Refer to Nephrologist

Diven and Travis, Pediatr Nephrol 14:65, 2000.



ConclusionsConclusions

•• Hematuria is common in pediatric patients.Hematuria is common in pediatric patients.
•• The goals for the primary care physician are to:The goals for the primary care physician are to:

–– Recognize and confirm the presence of hematuria.Recognize and confirm the presence of hematuria.
–– Identify the common etiologies.Identify the common etiologies.
–– Select patients who need referral to pediatric Select patients who need referral to pediatric 

nephrologist.nephrologist.

•• A complete urinalysis is the first step in the A complete urinalysis is the first step in the 
evaluation of hematuria.evaluation of hematuria.
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