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Abstract

Purpose of Review—This paper provides a review of the diagnostic evaluation of both 

microscopic and gross hematuria, as well as an update on the pathogenesis, clinical features, and 

treatment strategies for several diseases of the kidneys and urinary tract in which hematuria is a 

prominent finding. The goal is to provide pediatric providers with a framework through which 

appropriate and expeditious referral to subspecialty care may be made for definitive treatment.

Recent Findings—Although there has been great heterogeneity in published treatment 

strategies for many causes of hematuria, the Kidney Diseases Improving Global Outcomes 

(KDIGO) initiative has recently set forth guidelines for glomerular diseases in particular to 

provide evidence-based strategies for treatment. In addition, recent advances in the understanding 

of molecular pathogenesis and long-term clinical outcomes for other non-glomerular diseases has 

led to updates in treatment strategies summarized in this review.

Summary—As the pediatric primary care provider is often the first point of contact for children 

with microscopic or gross hematuria, updated knowledge as to the epidemiology and management 

of several of the various causes of hematuria will improve the care of children by both avoiding 

extraneous testing and interventions and implementing definitive care (either by expectant 

management and reassurance or by subspecialty referral) in a timely manner.
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II. Introduction

Hematuria – the presence of red blood cells (RBCs) in the urine – is alarming to pediatric 

patients, parents, and providers alike. The presence of hematuria is indicative of a wide 

range of etiologies of varying pathogenic significance. The pediatric provider must be able 

to both identify the presence of hematuria; initiate the proper diagnostic workup; and know 

how and when to promptly refer affected patients for subspecialty care.
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Though varying definitions have been proposed, hematuria is most commonly defined by the 

presence of more than 5 RBCs per high power field collected in an un-centrifuged mid-

stream urine collection [1, 2]. Hematuria can be characterized as macroscopic (gross) or 

microscopic (i.e. detectable only following centrifugation, on direct testing via urine 

dipstick, or following direct visualization via urine microscopy). Gross hematuria may be 

“red” or “pink” in color due to lower tract pathology, or “brown” or “tea” colored owing to 

the oxidation of urinary heme pigments [3, 4].

Hematuria is rare in normal physiology, where the tightly knit structure of the glomerular 

basement membrane prevents blood from entering the urinary collecting system. When this 

barrier is disrupted, the RBCs’ flexible cell membrane allows them to squeeze through the 

glomerular basement membrane and enter the urinary collecting system [4]. Many factors 

lead to hematuria, including exercise, inflammation, structural disruption, malignancy, and 

trauma. This brief review will highlight the important role of the pediatric provider to 

identify hematuria, order the initial workup, and if necessary coordinate the integration of 

subspecialty partners in the treatment of hematuria.

III. Epidemiology and Diagnostic Approaches

Our understanding of the epidemiology of pediatric hematuria is based largely on population 

studies undertaken nearly 50 years ago. These studies suggest the prevalence of 

asymptomatic hematuria detected on screening urinalyses in school-aged children to be 

about 4% [1, 2, 5]. Hematuria predominates in girls versus boys.

The American Academy of Pediatrics no longer recommends routine screening urinalyses 

[3]. The diagnostic approach to hematuria necessarily begins with a thorough history and 

physical exam. A helpful diagnostic starting point is the determination of whether the 

hematuria is macroscopic or microscopic. Generally, macroscopic hematuria suggests a 

lower urinary tract lesion (e.g. bladder, urethra), while microscopic hematuria is suggestive 

of upper urinary tract lesion (e.g. glomerulus or tubulointerstitium). A family history can 

shed light on hereditary causes of hematuria. Common co-occurring features should be 

explored: proteinuria; urinary casts; elevated blood pressure; the presence, localization, and 

character of pain; or evidence of trauma. Physical exam findings such as flank masses or 

costovertebral angle tenderness, or serum and urine biomarkers of infection, inflammation, 

or renal function can suggest the etiology of hematuria.

Clinical concern for hematuria may be confirmed by the presence of blood on screening 

urinalysis or direct visualization by urine microscopy. Commercially available, urine 

“dipstick” screening tests are very sensitive for the presence of heme protein in urine: 

generally, only those results that are greater than “trace” on normally concentrated, serial 

samples need be investigated further. Due in part to the highly sensitivity of urine dipstick 

screening tests, pediatric providers should be aware of the many common causes of 

urinalyses which falsely result positive for blood. Structurally similar pigment proteins, such 

as myoglobin seen in the urine of patients with rhabdomyolysis, can register a positive 

dipstick screen for blood without true hematuria. Heme positive urinalyses negative for 

blood on microscopy can be caused by intravascular hemolysis; the semen-contaminated 
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urine of post-coital men; contamination with menstrual blood in young women; and 

contamination with povidone-iodine or other oxidizing substances [4, 6–8]. In addition, 

excluding discoloration of the urine from the ingestion of culprit foods (e.g. beets, rhubarb, 

and blackberries) or medications (e.g. rifampicin, nitrofurantoin, and metronidazole) is 

important [9, 10, 4]. On the contrary, dilute urine specimens, highly acidic urine pH (<5), 

and the presence of reducing substances (like ascorbic acid) are common causes of false-

negative urine dipstick hematuria screens with which pediatricians should be familiar [4].

A. Gross hematuria

A retrospective review of 342 children who presented for gross hematuria evaluation in a 

urological setting demonstrated that the largest etiologic categories were urethrorrhagia 

(15%), urinary tract infection (14%), trauma (14%), congenital urinary tract anomalies 

(13%), and stones (6%) [11]. During a thorough history, a pediatric provider should ask 

about the onset and duration of symptoms; as well as the co-occurrence of pain, dysuria, 

fever, or other symptoms. A history of gross hematuria and abdominal trauma may indicate 

emergent pathology, for which radiographic and/or surgical evaluation is immediately 

necessary [10]. Fever, dysuria, urgency, or frequency in the setting of gross hematuria 

suggests urinary tract infection (UTI). If this presentation is accompanied by flank pain, 

pyelonephritis should be considered [12]. Intermittent, unilateral sharp flank pain and gross 

hematuria makes urolithiasis a consideration, along with vascular pathology such as 

Nutcracker Syndrome or renal vein thrombosis [13–15]. Gross hematuria that accompanies 

bilateral flank pain and renal enlargement on sonography may suggest interstitial nephritis; 

though rare, presence of gross hematuria, a palpable mass, and sonographic abnormalities, 

with or without flank pain, could indicate renal malignancy [4, 16]. The timing of gross 

hematuria can also provide important clues regarding the etiology. For instance, bleeding 

noted before or at the beginning of the urine stream is likely urethral in origin, whereas mid-

stream or late-stream gross hematuria likely originates from higher in the genitourinary tract. 

In moderately to significantly physically active children, transient, asymptomatic gross 

hematuria can be noted following vigorous exercise [17]. When accompanied by upper 

respiratory symptoms, a proximate (within 1 week) or remote (within 2 to 3 weeks) history 

of gross hematuria could suggest IgA nephropathy (IgAN) or post-infectious 

glomerulonephritis (PIGN), respectively [18].

B. Microscopic hematuria

Microscopic hematuria, by contrast, often has a more subtle presentation, and a wider array 

of etiologies, each with varying degrees of pathologic significance. The prevalence of 

isolated asymptomatic microscopic hematuria in children is most commonly reported to be 

between 0.5% and 1% [19, 20]. Of this group, as many as 1 in 4 will have a normalization of 

urinalysis in 5 years. Since microscopic hematuria is often incidentally noted, it may be 

difficult to pinpoint the precise time of onset or duration of hematuria. Therefore, a thorough 

history and physical exam serve as the foundation for a comprehensive initial workup. As 

with gross hematuria, episodic microscopic hematuria that is accompanied by fever or other 

infectious symptoms could be indicative of IgA nephropathy or UTI. The presence and 

distribution of a rash with microscopic hematuria could indicate vasculitides such as 

systemic lupus erythematosus (SLE) or Henoch-Schönlien Purpura (HSP) nephritis [21, 22]. 
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A family history that includes asymptomatic hematuria, or clinical features such as deafness 

may be indicative of pathology of the glomerular basement membrane, like Alport syndrome 

or thin basement membrane disease [23, 24]. A history of hematuria that accompanies 

painful crises in patients of African descent should raise suspicions for sickle cell 

nephropathy [25]. While microscopic hematuria is often incidentally noted on screening 

dipstick urinalysis, when microscopic hematuria is accompanied by proteinuria, the 

likelihood of renal parenchymal pathology is increased [3].

IV. Physical Examination

Not surprisingly, the initial physical examination of a patient with gross hematuria requires a 

visual examination of the urine. Urine that demonstrates the presence of bright red blood 

suggests a lower urinary tract lesion, while darker, tea-colored urine suggests the presence of 

blood which has undergone oxidization in the bladder [4]. In the setting of microscopic 

hematuria, evaluation of a centrifuged urine sample is key to determining whether or not the 

source of bleeding is glomerular or non-glomerular, a distinction that can offer clues to the 

etiology. The presence of RBC casts is pathognomonic for glomerular bleeding (upper-

genitourinary tract bleeding). Dysmorphic RBCs may suggest glomerular bleeding as well 

[26]. A general physical examination also includes an evaluation for elevated blood pressure 

or recent weight change. An abdominal examination should note evidence of ascites, trauma, 

masses, or tenderness to palpation. Assessing for edema in the face, extremities, or 

dependent regions of the groin (e.g. scrotum or labial folds) is key. A genitourinary 

examination should include an assessment for costovertebral angle tenderness; and a 

chaperoned examination of the urethral meatus in males or the vaginal introitus in females 

for evidence of frank blood or irritation.

V. Management of Hematuria in Kidney Disease in Children

The management of hematuria in children is grounded in the care of the underlying etiology. 

An exhaustive list of the causes of gross and microscopic hematuria, and the management of 

each etiology, is beyond the scope of this brief review. For the general pediatrician, an 

understanding of the broad diagnostic categories into which the diseases that cause 

hematuria can be divided may aid in the proper initial work up and, if necessary, sub-

specialty referral. There are many ways in which kidney disease with hematuria can be 

categorized. For the purposes of this review, we have organized a handful of common 

etiologies according to a mechanistic classification scheme. Broadly speaking, hematuria 

can result from structural-genetic, structural-acquired, inflammatory-immune, and 

inflammatory-infectious causes. Below, we overview the clinical presentation, pathogenesis, 

and work up of hematuria for each selected etiology.

A. Structural-Acquired Causes of Hematuria

Hematuria may be the result of structural genitourinary tract lesions that are secondary to the 

regional or systemic effects of other pathogenic processes. The kidney receives 25% of the 

circulating blood volume, and the anatomic peculiarities and physiologic demands of the 

kidney leave the organ uniquely susceptible to injury. In many cases, this injury results in 
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hematuria: regional hypoxemia, nephrotoxins, kidney stones, and tumors can all lead to 

direct tissue damage which results in hematuria.

1. Kidney stones and crystalluria

Clinical manifestations: Consider urolithiasis (i.e. macroscopic urinary stones) or 

crystalluria (microscopic urinary stones) in the setting of gross or microscopic hematuria, 

with or without co-occurring flank pain, abdominal pain, or vomiting. Dysuria, frequency, 

urgency, or recurrent UTI can be associated with the presentation as well [27]. Age at 

presentation varies widely, though the incidence generally increases as a child gets older [28, 

29]. The majority of urolithiases are calcium-based (e.g. calcium oxalate, calcium 

phosphate), though others, like uric acid and cysteine stones, may be present [30, 31].

Pathogenesis of hematuria: Urinary stones mostly originate in free solution, or at the renal 

papilla (often at the inner-most tip of the medullary pyramids on structures known as 

Randall’s plaques) [32]. A favorable urinary milieu leads to the formation of crystals: 

calcium oxalate and uric acid crystalizes within an acidic environment, calcium phosphate 

crystalizes within an alkaline environment. Crystals irritate the urothelial lining, resulting in 

micro- or macroscopic hematuria.

Diagnostic considerations: The cornerstone of diagnosis is direct pathologic evaluation of a 

passed stone: patients should be counseled to strain their urine if urolithiasis is suspected. A 

centrifuged, random spot urine sample can be analyzed microscopically for characteristic 

crystalline patterns associated with specific stones. Notably, calcium stones are radio-

opaque, while uric acid stones are radio-lucent and will only appear on non-contrast 

computed tomography (CT) [33]. A 24-hour urine collection should be analyzed for urine 

volume, pH, and metabolic composition (e.g. calcium, oxalate, and phosphorus excretion). 

Adequate urinary citrate concentration is necessary to prevent the formation of calcium 

oxalate stones.

Initial management: The management of hematuria associated with urolithiasis and 

crystalluria begins with prevention. Adequate fluid intake must be maintained to mitigate 

against urine saturation and crystal development. The etiology directs further management: 

calcium oxalate and uric acid stones require urine alkalinization, while calcium phosphate 

stones require urine acidification [32]. Paradoxically, data shows that dietary calcium 

restriction leads to increased urolithiasis: sodium restriction is the recommended dietary 

intervention to prevent stone formation [34].

2. Renal mass lesions

Clinical manifestations: Renal masses can be benign or malignant lesions. Hematuria 

(often macroscopic) is a shared clinical feature of many of these lesions, though the 

pathogenic significance can vary as widely as the etiologies. The enlarged kidneys of 

patients with autosomal dominant polycystic kidney disease (ADPKD) are often 

asymptomatic, however gross hematuria may be seen along with flank pain and hypertension 

[35]. Similarly, a kidney with moderate or severe hydronephrosis may present as a renal 

mass, particularly in neonates, and may result in gross hematuria due to vulnerability of the 
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dilated collecting system to minor trauma [36]. While perhaps the most feared etiology, 

renal malignancies are relatively rare in children, accounting for 6–7% of all childhood 

malignancies [37]. Renal malignancies may be associated with genetic cancer syndromes. 

Wilms tumor, the most common childhood renal malignancy, is often associated with 

WAGR or Denys-Drash syndromes [38, 36]. Renal cell carcinoma is often seen in von 

Hippel Lindau disease and other hereditary cancer syndromes [39].

Pathogenesis of hematuria: Hematuria that arises from renal mass lesions can develop in a 

variety of ways. Often this bleeding is related to “fragile” blood vessels due to impaired 

angiogenesis and tissue friability, but it can also occur when renal tumors or cysts invade or 

interpose a native vascular supply, respectively [40]. In addition, secondary effects of 

malignancy – such as myelosuppression and disseminated intravascular coagulation (DIC) – 

can result in thrombocytopenia which can contribute to hematuria [41].

Diagnostic considerations: A thorough history of the timing of bleeding, presence of flank 

pain or dysuria, family history of hematuria, and other associated symptoms (e.g. urinary 

urgency, recurrence with concomitant illness, etc.) can all provide clues as to the etiology. 

The physical exam provides important clues as well: for example, hydronephrosis and renal 

tumors are classically discovered when flank masses are palpated after bathing or diapering 

an infant, and cystic kidney disease may be diagnosed following evaluation for elevated 

blood pressure. CT or ultrasound imaging of the abdomen and pelvis can pinpoint the 

location of renal mass or cystic lesions associated with hematuria, and biopsies of solid renal 

masses can confirm malignancy [42]. Genetic testing may prove useful if a renal tumor 

syndrome (e.g. WAGR or Denys-Drash) is suspected [38, 36].

Initial management: The management of renal masses associated with hematuria varies 

with etiology. The management of cystic kidney disease is aimed at limiting CKD 

progression and secondary organ damage with strict blood pressure control. For children 

with kidney cancers, prompt diagnostic imaging and referral to a pediatric cancer center is 

warranted; the role of the pediatric medical home in providing care coordination for 

childhood cancer survivors is indispensable [43].

B. Structural-Genetic Causes of Hematuria

Embryonic development and maintenance throughout life of the architecture of the nephron, 

both the glomerular filtration apparatus and tubule, is critically dependent on hundreds if not 

thousands of different proteins working in concert. Disruption of one or more genes 

important for the complex formation of renal parenchyma may have profound effects on the 

structure and function of the kidney, with hematuria being a common finding in many of 

such disorders.

1. Sickle cell nephropathy

Clinical manifestation: Consider sickle cell nephropathy (SCN) in a patient of African 

descent with a history of sickle cell disease and co-occurring hematuria during painful 

crises. Sickle cell disease’s most severe form – sickle cell anemia – results from a 

homozygous mutation of the gene encoding β-globin, and causes a conformational change in 
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the protein’s structure that leaves RBCs rigid, sickle-shaped, and causes vaso-occlusive 

ischemia and hemolytic disease [25]. It is particularly prevalent amongst individuals of 

African descent. There are a wide array of renal manifestations that can present as SCN, 

including glomerulosclerosis, impaired concentrating ability, renal papillary necrosis, and 

hematuria [44].

Pathogenesis of hematuria: Hematuria is among the most common features in patients 

with sickle cell disease, prevalent among patients with both sickle cell trait and anemia. As 

blood travels through the renal medullary vasa recta, the hypertonic, hyperviscous, low-

oxygen tension environment promotes RBC sickling and vaso-occlusion. This in turn leads 

to RBC extravasation, ischemic kidney injury and thrombotic microangiopathy (TMA), and 

suggest a mechanism of nephron damage responsible for presentations of hematuria [45]. 

Renal papillary necrosis can also present with asymptomatic hematuria, and urinary 

obstruction in patients with SCN [25].

Diagnostic considerations: In SCN, hematuria can be either gross or microscopic: physical 

and microscopic examination of the urine is essential. Additionally, in a patient with sickle 

cell disease, urinalysis with urine protein quantitation (e.g. urine protein to creatinine ratio); 

assessment of glomerular filtration rate (GFR) and electrolyte status; and assessment for 

elevated blood pressure is necessary. If flank mass is present, renal ultrasound or computed 

tomography (CT) imaging should be performed to assess for the presence of renal medullary 

carcinoma [44].

Initial management: There is no accepted therapy for the treatment of SCN-associated 

hematuria. Adequate hydration and therapies which increase the predominance of fetal 

hemoglobin, such as hydroxyurea, are currently the chief elements of prevention of 

hematuria in SCN. In patients with SCN-associated proteinuria, angiotensin-converting 

enzyme (ACE)-inhibitor therapy has been shown to reduce urinary albumin excretion [46]. 

In most cases, unless concern for associated malignancy exists or confirmation of TMA is 

necessary, additional imaging and/or renal biopsy is/are not indicated.

2. Alport Syndrome and Thin Basement Membrane Nephropathy

Clinical manifestations: An uncommon cause of hematuria in children, occurring in 1:5000 

to 1:10,000 individuals [47, 23], Alport syndrome is an inherited disorder of the basement 

membrane, exhibiting microscopic hematuria and occasionally recurrent gross hematuria, 

and eventually progressing to proteinuria and chronic kidney disease, as well as extrarenal 

manifestations of sensorineural hearing loss and ocular abnormalities (e.g. anterior 

lenticonus, dot-and-fleck retinopathy) [23]. X-linked recessive, autosomal recessive (AR), 

and rarely autosomal dominant (AD) inheritance patterns have been described. Thin 

basement membrane nephropathy (TBMN), also known as familial hematuria, occurs in 

~1% of the population [48] and was initially thought to be a separate disease entity from 

Alport syndrome but is now recognized as within the same disease spectrum.

Pathogenesis: Abnormal type IV collagen formation due to mutations in the COL4A5 (X-

linked), COL4A3 (AD, AR), and COL4A4 genes (AD, AR) is the principle pathogenic 
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process that leads to an abnormally thin lamina densa of the glomerular basement membrane 

(GBM) [23]. In patients with Alport syndrome, this abnormal thinning of the GBM gives 

way to splitting, lamellation, and disruption causing worsening nephropathy, whereas in 

TBMN, the abnormally thin GBM does not undergo these changes. Patients with X-linked 

Alport syndrome (85%), specifically hemizygous males, generally have earlier and more 

severe disease than those with AR (15%) or AD (<1%) of disease. The majority of patients 

with TBMN have been found to have heterozygous mutations in the COL4A3 or COL4A4 
genes, effectively genetic carriers of Alport syndrome. Women who are heterozygous for 

mutations in the X-linked COL4A5 gene will generally also have microscopic hematuria, 

but may also develop progressive disease later in life due to skewed inactivation of the X 

chromosome [49]. Similarly, up to 25% of patients with TBMN may progressively develop 

proteinuria, CKD, and end stage renal disease over their lifetime.

Diagnostic Considerations: A careful family history is key in establishing the diagnosis of 

Alport syndrome and TBMN, although many individuals with TBMN may escape diagnosis 

as they only have microscopic hematuria that does not come to clinical attention. These 

entities may come to light by renal biopsy performed in patients with microscopic hematuria 

and proteinuria, or recurrent gross hematuria, with pathognomonic GBM changes. 

Ultimately, a definitive diagnosis is made by genetic testing of the COL4A3, COL4A4, and 

COL4A5 genes.

Initial Management: As Alport syndrome and TBMN are diseases of genetic origin, there 

is no cure and treatment is primarily supportive. Management strategies include surveillance 

for hypertension and proteinuria as sequelae of the disease; therapeutic blockade of the 

renin-angiotensin-aldosterone system with ACE inhibitors or angiotensin receptor blockers 

(ARB); and implementation of treatments for the complications of chronic kidney disease 

with progression.

C. Inflammatory-Infectious Causes of Hematuria

Hematuria may also be the result of local inflammation secondary to underlying infectious 

etiology. Local inflammatory responses, mounted in an effort to eliminate a pathogen, lead 

to the expression of cytokines which increase glomerular capillary permeability, and can in 

turn result in both gross and microscopic hematuria.

1. Infection-associated hemolytic uremic syndrome

Clinical manifestations: Hemolytic uremic syndrome refers to the classically seen clinical 

triad of hemolytic anemia, thrombocytopenia, and AKI at presentation. It is the most 

common cause of AKI in children, and carries a significant risk for adverse renal sequelae 

[50]. Roughly 1 in 4 patients will have significant long-term renal involvement (e.g. CKD, 

hypertension), and 3% will develop ESRD [51]. While the classic triad is consistent, the 

etiology varies widely; the classic presentation is a diarrheal illness associated with Shiga 

toxin-producing Escherichia coli O157:H7 (STEC), often acquired via undercooked or 

contaminated meat. Other associated infections include S. pneumoniae, influenza, and 

Human Immunodeficiency Virus (HIV) [50]. Rarely, hemolytic uremic syndrome may be 
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due to an inherited defect in complement regulation (atypical HUS), or due to a defect in 

cobalamin C metabolism.

Pathogenesis of hematuria: Shiga-toxin mediated disruption of protein synthesis in the 

endothelial cell leads to endothelial cell injury and necrosis [52]. This further leads to a pro-

inflammatory milieu, aggregation of platelets and activation of the coagulation system in the 

microvasculature, leading to further injury to a myriad of renal tissue types (e.g. 

endothelium, mesangium, and tubular epithelium) and ultimately hematuria. The 

intravascular hemolysis associated with HUS may also cause hemoglobinuria, causing a 

positive urinalysis for blood.

Diagnostic considerations: The diagnosis of HUS is recognition of the clinical triad of 

hemolytic anemia, thrombocytopenia, and AKI. Though STEC is the most common 

infectious cause, a variety of infectious etiologies can be responsible, including 

Streptococcus pneumoniae, influenza, and Human Immunodeficiency Virus (HIV). A 

positive Coombs test may be seen in the setting of pneumococcal HUS. Stool culture 

analysis for E. coli O157:H7, enzyme immunoassay for Shiga toxin protein, or polymerase 

chain reaction (PCR) for the Shiga toxin gene can confirm STEC.

Initial management: HUS is supportively managed. When a patient’s anemia results in 

cardiorespiratory compromise, a red cell transfusion may be administered. Platelet 

transfusions are avoided unless the patient is actively bleeding while thrombocytopenic [52]. 

In the setting of AKI, fluid and electrolyte balance is managed both enterally and 

parenterally, with special care given to maintain adequate hydration without inducing fluid 

overload; in the event of oliguric AKI or electrolytic instability, renal replacement therapy 

(e.g. hemodialysis) may be necessary [50].

2. Urinary tract infection

Clinical manifestations: A common pediatric concern and one of the most common 

bacterial infections in children, urinary tract infection (UTI) accounts for approximately 1% 

of ambulatory childhood health care encounters. When a UTI affects the renal parenchyma, 

it is known as pyelonephritis [12]. In fact, the most common cause of gross hematuria in 

children is acute bacterial urinary tract infection (UTI) [5]. The overwhelming majority of 

UTIs in children are caused by monomicrobial bacterial infections – most commonly E. coli 

– however immunocompromised or catheterized children are at increased risk of acquiring 

Candida and adenovirus infections as well [53]. In addition to hematuria, symptoms often 

include fever, dysuria, urgency, or frequency. Dysfunctional voiding, constipation, or bladder 

and bowel dysfunction place children – especially girls – at high risk for UTI [12]. 

Particularly in some immunosuppressed populations, viral cystitis with adenovirus or 

polyomavirus can also result in hematuria [54]. In UTI, gross hematuria is usually gone 

within a week, with microscopic hematuria lasting a few days longer [55].

Pathogenesis of hematuria: The urinary tract’s principal defense against infection is the 

antegrade flow of urine from the kidneys to the bladder, and most bacteria that enter the 

urinary tract are thus washed away without causing disease [53]. Pathogenic bacteria cause 
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UTI by adhering to the urothelium and bypassing host defenses, often in ways specific to the 

pathogen [56]. UTI causes a localized inflammatory response that results in hematuria, 

pyuria, and the presence of leukocyte esterase in urinalysis [57].

Diagnostic considerations: While office-based urine dipstick testing which reveals 

hematuria, pyuria, nitrites, and leukocyte esterase is strong enough to suggest UTI, urine 

culture remains the cornerstone of UTI diagnosis [57]. The presence of clinical symptoms of 

UTI (e.g. dysuria, frequency, urgency) corroborate the diagnosis. Additionally, recognition 

of constipation, dysfunction voiding, or bladder dysfunction will shed light on important 

UTI risk factors. Though the approach is currently the topic of much debate, clinicians 

should evaluate children where a concern for vesicoureteral reflux (VUR) confers an 

increased risk of UTI [12]. In adolescents, a history of sexual activity is important to identify 

sexually transmitted pathogens when concurrent UTI symptoms are present [58]. 

Interestingly, among children in whom UTI is clinically suspected, parental report of foul-

smelling urine increases the probability of diagnosing UTI, though it cannot on its own be 

used to rule in or out a UTI diagnosis [59].

Initial management: Appropriate antibiotic therapy is essential to the treatment of 

symptomatic UTI. Trimethoprim-sulfamethoxazole or first generation cephalosporin therapy 

is often a reasonable empiric choice, but antibiotic adjustments based on sensitivities 

obtained from urine culture results, or a local published antibiogram, may be required [12]. 

The use of prophylactic antibiotics in the management of patients with a history of at 

increased risk for recurrent UTIs is a topic of much debate. Generally, studies conducted 

over the last decade have not demonstrated a clinically significant benefit to the use of 

prophylactic antibiotics in the populations studied, except for in children with high grade 

(grade III or IV) VUR [60, 61]. Hematuria is most often self-limiting, resolving with 

treatment of the underlying infection. Continued hydration is beneficial in this setting.

D. Inflammatory-Immune Causes of Hematuria

Microscopic and gross hematuria may also occur in the setting of immune-mediated 

glomerular injury, either from the deposition of immune complexes in the mesangium and 

capillary loops with subsequent recruitment of inflammatory cells in the glomerular tuft, or 

by direct injury to the endothelial cell and podocyte making up the glomerular capillary 

filtration barrier.

1. Post-infectious glomerulonephritis

Clinical manifestations: Glomerular inflammation that stems from prior exposure to a non-

renal infectious etiology is known as post-infectious glomerulonephritis (PIGN). Presenting 

symptoms often include nephrosis, hematuria, proteinuria, and hypertension, typically 

following pharyngeal or skin infections [62]. The archetypical PIGN is that which follows 

streptococcal species infection (e.g. pharyngitis), known as acute post-streptococcal 

glomerulonephritis (APSGN) [63]. Causes of PIGN are wide-ranging: they include 

staphylococcal, gram-negative bacterial, viral, fungal, and atypical (e.g. mycobacterial, 

rickettsial, chlamydial) pathogens [64].
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Pathogenesis of hematuria: While the mechanism of initial injury is not clear, two 

mechanisms of pathogenesis are commonly put forward. In one model, immune complexes 

form in response to an as-yet unidentified nephritogenic antigen, and are deposited in the 

glomerulus. In the second, antibodies form in response to infection, but which 

inappropriately interact with host proteins (e.g. basement membrane collagen, laminin, and 

glomerular heparin sulfate proteoglycan). [62] The end result of either mechanism is a 

glomerular inflammatory response that results in hematuria, proteinuria, and the formation 

of RBC and white blood cell (WBC) casts [64].

Diagnostic considerations: A thorough history is necessary to obtain clues regarding the 

pathogenesis and disease course in each patient. Suspect PIGN in patients with evidence of 

edema; hematuria and proteinuria; WBC and RBC casts; and/or hypertension – with or 

without evidence of decreased creatinine clearance – which has been preceded by an 

infection between 1 and 2 weeks prior to presentation. Commonly, serum complement C3 

protein levels are low, and complement C4 protein levels are normal; complement 

derangements often precede hematuria [65]. While mostly a result of Streptococcal and 

Staphylococcal species infection, infectious cultures may be negative in patients with PIGN, 

and sub-clinical cases often occur.

Initial management: Treatment of the underlying infectious etiology is paramount to 

preventing or attenuating the course of PIGN [66]. In the case of APSGN, there is evidence 

that patients who receive antibiotic therapy during the course of their nephritis experience a 

milder clinical course [67]. Inpatient care of PIGN is largely supportive, and reserved for 

those with acute nephritis – namely, those with evidence or complications of hypertension, 

fluid overload, and acute kidney injury [63]. Common approaches include salt restriction 

(with or without fluid restriction) and the use of loop diuretics during the disease course. 

The use of immunosuppressant medications is controversial, but commonly used when 

clinical or histological evidence of rapidly progressive glomerulonephritis (RPGN) exists 

[63]. Two small studies found no benefit in the use of immunosuppressant medications in 

PIGN [68, 69].

2. IgA Nephropathy and Henoch-Schönlein Purpura Nephritis

Clinical manifestations: IgA Nephropathy (IgAN) and the histopathologically related 

Henoch-Schönlein Purpura (HSP) nephritis are collectively the most common cause of 

glomerulonephritis worldwide, and a frequent cause of glomerulonephritis in children. The 

clinical presentation of IgAN can be highly variable: asymptomatic microscopic hematuria 

and proteinuria, recurrent episodes of gross hematuria occurring 1–2 days after an upper 

respiratory or gastrointestinal infection, nephrotic syndrome, or RPGN [70]. IgAN 

predominantly occurs in older children and adolescents, whereas HSP nephritis occurs in 

younger children, with an average age of 6 years [21]. Glomerulonephritis occurs in about 

30% of patients with HSP, typically occurring within the first month of the onset of the other 

constellation of symptoms but may occur as late as 6 months to 1 year after disease onset. 

The majority of children with HSP nephritis present with microscopic hematuria +/− 

proteinuria, and only a small subset (<1%) present with gross hematuria and more 
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pronounced urinary abnormalities. Hypertension may accompany both IgAN and HSP 

nephritis, although it is uncommon in either disease in the acute setting.

Pathogenesis of hematuria: Both IgAN and HSP nephritis share the histological 

appearance of deposits of aberrantly glycosylated IgA in the mesangium with accompanying 

C3 deposition. This results in proliferation of mesangial cells and recruitment of 

inflammatory cells, leading to mesangial hypercellularity as seen on renal biopsy and 

causing hematuria.

Diagnostic considerations: Although IgAN may be suspected in the setting of a typical 

clinical presentation, the diagnosis is only definitively made by renal biopsy. An elevated 

serum IgA level may be seen in approximately 50% of patients with IgAN [71] but is neither 

sensitive nor specific for identifying IgAN or HSP nephritis [72]. The Oxford classification 

system of renal histopathology in IgAN has demonstrated the ability to predict risk to 

progression to chronic kidney disease, particularly by the presence of segmental glomerular 

lesions and tubular atrophy [73], and more recently crescentic lesions [74]. This 

classification system has been recently applied to HSP nephritis as well [75], with similar 

findings.

Initial management: Current treatment recommendations based on the Kidney Diseases 

Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Glomerulonephritis 

[76] are dependent on the degree of proteinuria present. Urinary protein excretion of > 0.5–

1g/1.73m2/d warrants consideration of treatment with antiproteinuric therapy (ACE 

inhibitor/ARB), and >1g/1.73m2/d warrants consideration of immunosuppressive therapy 

(specifically corticosteroids) and consideration of adjunctive immunomodulatory therapy 

with fish oil.

VI. When to Refer for Hematuria

Referral to a pediatric nephrologist for evaluation of hematuria is warranted when 

accompanying factors are present that increase the risk for renal parenchymal disease or 

significant resulting morbidity. This includes the presence of hypertension, which may 

signify the presence of glomerulonephritis, and may require treatment with antihypertensive 

agents to avoid both acute (i.e. hypertensive encephalopathy) and chronic (i.e. left 

ventricular hypertrophy, dilated cardiomyopathy) sequelae. The presence of proteinuria, 

particularly nephrotic range proteinuria, and certainly renal dysfunction may herald a 

sufficiently destructive lesion (i.e. crescentic or rapidly progressive glomerulonephritis due 

to PIGN, IgAN, HSP Nephritis or other less common lesions [i.e. membranoproliferative 

glomerulonephritis, pauci-immune vasculitis such as granulomatosis with polyangiitis]). 

With such cases, prompt referral to a pediatric nephrologist is indicated for diagnostic renal 

biopsy and definitive management with immunosuppressive therapy. Identification of renal 

cysts in the context of hematuria may benefit from referral to nephrology, largely to provide 

guidance to the family as to the most likely etiology among the array of cystic kidney 

diseases, the risk of any associated extra-renal manifestations, and expectations of long-term 

outcome. Finally, if nephrolithiasis is identified through the workup of microscopic or gross 

hematuria, once acute management has been completed by a pediatric urologist, referral to 
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nephrology is appropriate to initiate a metabolic workup and then devise a comprehensive 

stone risk mitigation plan with dietary and pharmacological interventions.

Referral to a pediatric urologist is warranted particularly if there is evidence of structural 

pathology causing microscopic or gross hematuria and if the identified pathology has a 

surgical treatment (i.e. hydronephrosis, renal mass, obstruction or renal colic from 

urolithiasis). In addition, the pediatric urologist may also offer additional diagnostic tools 

such as cystoscopy if the clinical features are consistent with lower-tract bleeding.

VII. Conclusions

In summary, the breadth of kidney and urinary tract pathology that leads to either gross or 

microscopic hematuria is vast, and a careful history and physical examination as well as 

focused laboratory investigation may provide sufficient insight as to the likely culprit of 

hematuria, either reassuring the clinician as to the suitability of expectant management, or 

spurring them on to facilitate referral to subspecialty care. As such, the crux of management 

of many causes of hematuria may be to determine when it is time to refer, more than what 

treatments to initiate one’s self. To this end, the patient’s primary care provider is often an 

integral team member in ensuring that renal and urological pathology with significant 

morbidity is addressed in a timely fashion.
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evaluation and treatment of several forms of glomerulonephritis with additional pediatric-focused 
recommendations. 
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