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Microscopic Hematuria
Robert A. Cohen, M.D., and Robert S. Brown, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

An otherwise healthy 48-year-old woman is found to have microscopic hematuria
(5 red cells per high-power field) on a urinalysis performed by a life insurance company. No other laboratory abnormalities are identified; the serum creatinine concentration is 0.8 mg per deciliter (70.7 µmol per liter). The woman reports no symptoms and
is a nonsmoker. Her blood pressure is 118/74 mm Hg, and the findings on physical
examination are normal. How should she be evaluated?

the clinical problem
From the Division of Nephrology, Department of Medicine, Beth Israel Deaconess
Medical Center and Harvard Medical
School, Boston. Address reprint requests
to Dr. Cohen at the Division of Nephrology,
Beth Israel Deaconess Medical Center, 330
Brookline Ave., DA517, Boston, MA 02115,
or at rcohen@bidmc.harvard.edu.

Microscopic hematuria without proteinuria is often an incidental finding. Since bleeding may arise from any site along the urinary tract, it has a broad differential diagnosis,
possibly reflecting an entirely benign cause, such as vigorous exercise just before urine
collection, or a malignant, potentially lethal disease, such as bladder or renal cancer.
Even with a thorough investigation, the source of the microscopic hematuria frequently is not found. We focus here on the evaluation of microscopic hematuria in persons
older than 18 years of age.
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definitions

We define microscopic hematuria as 2 or more red cells per high-power field on microscopical examination.1,2 Definitions vary, however, from 1 to more than 10 red cells per
high-power field.2 Dipstick testing for heme may be too sensitive, detecting hemoglobin from 1 or 2 red cells per high-power field. Such testing also lacks specificity, since
the presence of myoglobin or hemoglobin may result in a positive test when the urine
contains no red cells. Therefore, if the dipstick test is positive, the presence of red cells
should be confirmed by microscopical examination.
There have been only a few population-based studies addressing the prevalence of
microscopic hematuria, and their results vary according to the age and sex distribution
of the populations studied, whether the diagnosis was based on the dipstick test alone
or that test coupled with microscopical evaluation, and the number of screening tests
performed per patient. In six studies, the prevalence ranged from 0.18 percent to 16.1
percent.3,4 Only two studies report a higher prevalence among women than among
men.2 Although some studies suggest that there may be an increased prevalence among
older persons,2 others show no difference according to age.5
Microscopic hematuria also may be transient. In a study of male soldiers who underwent yearly examinations of urinary sediment over a 12-year period, the cumulative incidence was 39 percent with microscopic hematuria on one examination and 16 percent
with microscopic hematuria on two or more examinations.6 In another study, transient
microscopic hematuria was noted in about 13 percent of postmenopausal women.5
Transient microscopic hematuria may be caused by vigorous exercise before urine collection, by sexual intercourse, by mild trauma, or by menstrual contamination. There are
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no data on differences between patients with transient microscopic hematuria and those with persistent microscopic hematuria with regard to the likelihood of underlying urinary tract disease.
clinical relevance

dye, and rubber or tire manufacturing), heavy phenacetin use, past treatment with high doses of cyclophosphamide, and ingestion of aristolochic acid
found in some herbal weight-loss preparations.11-13

strategies and evidence

Causes of isolated microscopic hematuria (without
proteinuria) are listed in Table 1 and can be classified as either glomerular or nonglomerular in origin. Because renal biopsies are not typically part of
the evaluation of microscopic hematuria, it is difficult to estimate the percentage of cases that are
clearly attributable to glomerular bleeding. In a
study involving 157 men in whom renal biopsy
was performed when no cause of microscopic hematuria had been identified by other tests, a glomerular source was identified in 16 percent of the
patients. IgA nephropathy, a form of glomerulonephritis defined histologically by glomerular IgA
deposits, accounted for the majority of cases with a
glomerular source.7 In a series of 165 patients, renal biopsies were performed after renal imaging
and cystoscopy. No abnormalities were noted on
renal biopsy in 87 patients. Of the remaining 78 patients, 49 had IgA nephropathy.8 Although IgA nephropathy is probably the most common glomerular cause of hematuria,9 some data suggest that thin
basement membrane disease, an inherited glomerular disorder defined histologically by diffuse thinning of the glomerular basement membranes, may
be as frequent a cause of isolated glomerular microscopic hematuria.10 Hereditary nephritis is a less
common glomerular cause.
Nonglomerular sources of microhematuria
involving the kidney and the upper urinary tract
include neoplasm, nephrolithiasis, cystic disease
(including polycystic kidney disease and medullary
sponge kidney), papillary necrosis, and metabolic
defects such as hypercalciuria or hyperuricosuria.
The causes involving the lower urinary tract include
disorders of the bladder, urethra, and prostate.
Urologic cancers (mainly of the bladder and
prostate) are estimated to account for about 5 percent of cases of microscopic hematuria, although
estimates vary widely according to whether the
study is referral-based (higher percentages) or
population-based (lower percentages).2 The risk
of bladder cancer increases significantly with age,
particularly after 65 years of age.11 Risk factors for
transitional-cell cancer of the bladder or urinary
tract include cigarette smoking, occupational exposure to chemicals used in certain industries (leather,
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The first steps in evaluating microscopic hematuria should be to obtain a pertinent history and perform a physical examination. It should be noted that
anticoagulant therapy alone does not cause hematuria, except in the case of a marked overdose of
warfarin.14 The urine should be evaluated for bacteriuria and pyuria. If either is present, a urine culture should be ordered. Serum creatinine should
be measured to evaluate the patient for renal insufficiency. If proteinuria is detected on dipstick testing, the ratio of the urinary protein concentration to
the urinary creatinine concentration, in milligrams
per deciliter, should be determined, or a 24-hour
urine collection should be obtained for measurement of total protein excretion. Clinically significant proteinuria (a ratio of urinary protein to urinary creatinine of more than 0.3 or 24-hour urinary
protein excretion of more than 300 mg) points to
the kidney as a source of microscopic hematuria.
urinalysis

The single most important test in the evaluation of
hematuria is the microscopical analysis of urine,
because it often distinguishes glomerular from
nonglomerular bleeding (Fig. 1). If the findings indicate a glomerular site of bleeding, no urologic
evaluation is necessary. Documentation of renal insufficiency or proteinuria warrants referral to a nephrologist for evaluation and possible renal biopsy;
referral should be prompt if a second measurement
of serum creatinine is abnormal or higher than the
first. However, renal biopsy in a patient with microscopic hematuria unaccompanied by clinically significant proteinuria or renal insufficiency is not
supported by the limited data that are available. In
a study involving 75 patients with isolated microscopic hematuria who underwent renal biopsy, 36
percent had thin basement membrane disease, and
23 percent had IgA nephropathy — findings that
made little difference in their care.20
imaging of the upper urinary tract

If a glomerular source is ruled out or considered
unlikely on the basis of the clinical presentation, the
upper urinary tract should be imaged. The goal is to
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Table 1. Causes of Isolated Microscopic Hematuria.*
Origin
Glomerular

<50 Yr of Age

≥50 Yr of Age

IgA nephropathy (increased incidence in
Asians)

IgA nephropathy

Thin basement membrane disease (benign
familial hematuria)

Hereditary nephritis (Alport’s syndrome)

Hereditary nephritis (Alport’s syndrome)

Mild focal glomerulonephritis of other
causes

Mild focal glomerulonephritis of other causes
Nonglomerular
Upper urinary tract causes

Nephrolithiasis

Nephrolithiasis

Pyelonephritis

Renal-cell cancer

Polycystic kidney disease

Polycystic kidney disease

Medullary sponge kidney

Pyelonephritis

Hypercalciuria, hyperuricosuria, or both,
without documented stones

Renal-pelvis or ureteral transitional-cell
cancer

Renal trauma

Papillary necrosis

Papillary necrosis

Renal infarction

Ureteral stricture and hydronephrosis

Ureteral stricture and hydronephrosis

Sickle cell trait or disease in blacks

Renal tuberculosis

Renal infarction or arteriovenous malformation
Renal tuberculosis in endemic areas or in
patients with HIV infection
Lower urinary tract causes

Cystitis, prostatitis, and urethritis

Cystitis, prostatitis, and urethritis

Benign bladder and ureteral polyps and tumors

Bladder cancer

Bladder cancer

Prostate cancer

Prostate cancer

Benign bladder and ureteral polyps
and tumors

Urethral and meatal strictures
Schistosoma haematobium in North Africans
Uncertain

Exercise hematuria

Exercise hematuria

“Benign hematuria” (unexplained microscopic
hematuria)

Over-anticoagulation (usually with
warfarin)

Over-anticoagulation (usually with warfarin)
Factitious hematuria (usually presents
with gross hematuria)
* Disorders causing microhematuria are presented roughly in order of descending frequency of presentation, according to
available data. HIV denotes human immunodeficiency virus.

detect any neoplasms, including renal-cell carcinoma and the less prevalent transitional-cell carcinomas of the renal pelvis and ureters, urolithiasis,
cystic disease, and obstructive lesions. Excretory
urography has been used routinely to examine the
upper urinary tract in most studies of microscopic
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hematuria.2 Ultrasonography is safer, does not involve exposure to intravenous radiographic contrast
medium, is appropriate for use during pregnancy,
and is less expensive.21 Ultrasonography, however,
may be limited in its detection of solid tumors that
are less than 3 cm in diameter.22 In a study in which
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enhanced computed tomography (CT) was used as
the standard, the sensitivity and specificity of ultrasonography for the detection of renal parenchymal
masses between 2 and 3 cm in diameter were 82 percent and 91 percent, respectively. In the same study,
the sensitivity and specificity of excretory urography were 52 percent and 82 percent, respectively.23
Since excretory urography may miss small renal
masses and sometimes cannot differentiate solid
from cystic masses, a follow-up study with the use
of ultrasonography, CT, or magnetic resonance imaging is often ordered. To our knowledge, no studies have specifically compared the effectiveness of
these various imaging techniques in the evaluation
of microscopic hematuria.
A CT scan without the use of a contrast agent is

Figure 1. Findings in Urinary Sediment.
In Panel A (¬ 440), urinary sediment shows a red-cell
cast and red cells. Red-cell casts indicate the presence
of glomerular bleeding, a finding that is very specific
but rather insensitive. If no red-cell casts are found,
urinary red-cell morphology should be examined. The
small, dysmorphic red cell (arrow) suggests a glomerular source,15 and the uniform, biconcave disk shape of
normal red cells (arrowhead) suggests nonglomerular
bleeding. Some have noted that dysmorphic or abnormally shaped red cells are not reliable enough as a
means for distinguishing a glomerular source of bleeding from a nonglomerular source, particularly if mixtures
of dysmorphic and normal-appearing red cells are
seen.16,17 (Photomicrograph courtesy of the late Dr.
Richard Nesson.) In Panel B (¬ 440), urinary sediment
shows normal red cells (arrow) and crenated red-cell
forms with spicules (arrowhead). Crenated red cells
form in concentrated urine and are not diagnostically
relevant. A more specific finding with bleeding of glomerular origin may be the presence of a particular form
of abnormal red cells in the urine — acanthocytes,18,19
doughnut-like cells with membrane blebs attached
(Panel C, ¬ 440, arrowhead). With meaningful acanthocyturia defined as the presence of acanthocytes accounting for more than 5 percent of urinary red cells,
the sensitivity of phase microscopy for detecting glomerular hematuria was 52 percent in one large series in
which glomerulonephritis was documented with renal
biopsy and 73 percent in another series, and the specificity for detecting a glomerular source was 98 percent
and 100 percent, respectively, in the two series.18,19 The
sensitivity and specificity of light microscopy for identifying acanthocytes have not been reported; since most
laboratories do not routinely identify acanthocytes, this
test should ideally be performed by an experienced laboratory technologist alerted to look for acanthocytes or
by a nephrologist.
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appropriate as the first test for patients with suspected stone disease. In one series of patients with
renal colic who underwent unenhanced helical CT
followed immediately by excretory urography, the
sensitivity for the detection of ureteral stones was
100 percent with the former, as compared with 67
percent with the latter.24 When there is no clinical
suspicion of stone disease, CT urography should be
performed first without contrast medium and then
with it, particularly in patients who might be at increased risk for kidney cancer. Although CT is more
expensive than excretory urography or ultrasonography, studies involving the latter techniques are
often followed by additional imaging (to confirm
that cysts are benign or to reevaluate questionable
or negative studies) and thus cannot be considered
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cost-saving in general. If CT is unavailable or prohibitively expensive, excretory urography, ultrasonography, or the combination of the two is a reasonable alternative. If a mass suspected to be malignant
is identified, the patient should be referred to a urologist. If polycystic kidney disease is found, the patient should be referred to a nephrologist.
evaluation of the lower urinary tract

The source of microscopic hematuria remains obscure in about 70 percent of cases after imaging of
the upper urinary tract and examination of urine for
evidence of glomerular hematuria. In these cases, it
may be necessary to evaluate the lower urinary tract,
with particular attention to possible bladder cancer.
Cystoscopy is appropriate if risk factors for bladder
cancer are present. This procedure is also warranted in older men with asymptomatic microscopic
hematuria, but the data are inconclusive regarding
the age at which to recommend cystoscopy.
In one community-based study,25 1340 men 50
years of age or older (mean age, 65 years) were tested for hematuria with urinary dipsticks daily for two
weeks. Twenty-one percent had at least one episode
of hematuria. Of these men, 192 underwent complete urologic evaluation. A total of 16 malignant
lesions were identified: 9 bladder cancers, 1 renalcell carcinoma, and 6 prostate cancers. In another
community-based study, 3152 men older than 60
years of age were screened for microscopic hematuria by urinary dipstick testing daily or weekly for
10 weeks. Twenty percent had hematuria on at least
one dipstick test, and of the 319 men who underwent full urologic evaluation, 22 had cancer (bladder
cancer in 17 and prostate cancer in 5).26 Thirteen
of the 17 men with bladder cancer had a history of
cigarette smoking. In these two studies, the positive predictive value of dipstick testing for the detection of bladder cancer was 4.7 percent and 5.3
percent, respectively. In a referral-based study involving 100 men younger than 40 years of age with
microscopic hematuria, no bladder cancers were
identified by cystoscopy.27 CT studies with the use
of radiographic contrast medium may reduce the
need for cystoscopy. In a recent series, the sensitivity of this technique was 100 percent and the specificity was 98 percent for the detection of neoplasms
of the bladder.28
Available data provide less support for cystoscopy in women with asymptomatic microscopic
hematuria than in men. No cases of bladder cancer
were found in one prospective, referral-based study
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involving 177 women (mean age, 57.2 years) with
asymptomatic microscopic hematuria who underwent cystoscopy.29 In another referral-based study,
involving 1034 adults (75 percent of whom were female), only two cases of bladder cancer were identified in women with microscopic hematuria (one
54 years old and the other 70 years old).30 In contrast, in a referral-based study involving 484 women with microscopic hematuria, 12 cases of urologic cancer were identified in women between 60 and
89 years of age, and 5 cases were found in women
between 40 and 59 years of age. The specific types
of cancer and the number of diagnoses made with
cystoscopy were unclear.31
cytologic studies of urine

Cytologic analysis of voided urine is less sensitive
(66 percent and 79 percent in two large series) than
cystoscopy in the detection of bladder cancer32,33
but has high specificity (95 percent and 100 percent in the two series). The sensitivity is improved
if specimens of urine from the first voiding in the
morning on three consecutive days are obtained.34
The sensitivity is higher for the detection of highgrade bladder cancer and carcinoma in situ33 but
lower for the detection of cancers of low histologic
grade, and cytologic analysis is insensitive for the
detection of renal-cell cancer. Cystoscopy itself had
87 percent sensitivity for the detection of bladder
cancer in one large series and is especially limited
for the diagnosis of carcinoma in situ.32 Urinary
molecular markers for the noninvasive detection of
bladder cancer are currently being evaluated but
have not yet been validated.35
follow-up after negative evaluation

A thorough evaluation of the urinary system may fail
to identify a source of microscopic hematuria. In
studies in which both imaging of the upper urinary
tract and cystoscopy were performed in patients with
microscopic hematuria, a source was not identified in 19 to 68 percent of the patients evaluated.29,31,36-39 Microscopy was not routinely part of
the evaluation in these studies, suggesting that more
glomerular causes of microscopic hematuria might
be identified with this addition.
Follow-up of patients with unexplained microscopic hematuria has been evaluated in two studies,
both without a control group. In one, 191 patients
with asymptomatic hematuria that remained unexplained after urologic evaluation with urinalysis,
cytologic analysis of voided urine, excretory urog-
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raphy, and cystoscopy subsequently underwent excretory urography and cystoscopy. No cancers were
detected during follow-up, prompting the authors
to suggest that no further studies are necessary unless symptoms develop.40 This suggestion was corroborated by similar recommendations in another
prospective study.31

areas of uncertainty
Currently, the data are inadequate to support clearcut recommendations regarding the evaluation and
management of microscopic hematuria. Shortcomings of available studies include inconsistencies in
definition, study design, selection criteria, and diagnostic-test techniques and procedures used.41 Data
are lacking on outcomes in patients with microscopic hematuria who did not undergo formal evaluation and those in whom the finding remained
unexplained despite evaluation. In addition, there
have been no randomized trials comparing the outcomes associated with different strategies.

guidelines
The U.S. Preventive Services Task Force and the Canadian Task Force on the Periodic Health Examination do not recommend routine screening of urine
for microscopic hematuria.11 Regarding bladder
cancer, they cite the low predictive value of a positive screening test even in a high-risk population
of older adults. They also cite the absence of proof
that early detection improves the prognosis in the
small number of patients found to have urinary tract
cancer.11
The American Urological Association has issued
guidelines for the evaluation of microscopic hematuria in adults (http://www.aafp.org/afp/20010315/
1145.html). According to these guidelines, after
microscopical examination of the urine, testing for
proteinuria, and measurement of serum creatinine,
a full urologic workup should be performed, including radiologic imaging of the upper urinary tract,
cytologic analysis of urine, and cystoscopy (recommended for all persons with asymptomatic microscopic hematuria who are older than 40 years).42

conclusions
and recommendations
When asymptomatic microscopic hematuria is detected, as in the patient described in the vignette, the
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urinalysis should be repeated a few days later before any workup is initiated, especially if the patient
has had vigorous exercise, menstruation, trauma to
the urinary tract, or sexual activity just before the
collection. Our recommended approach after a second urinalysis is summarized in Figure 2.
If microscopic hematuria is absent on repeated
testing, we do not recommend further evaluation,
unless the patient has risk factors for bladder cancer or transitional-cell cancer of the urinary tract,
such as cigarette smoking or exposure to toxins. If
repeated urinalysis confirms the presence of microscopic hematuria, we recommend microscopical
analysis for evidence of a glomerular source, such
as acanthocyturia or red-cell casts. Whether or not
such a source is found, if microscopic hematuria is
accompanied by proteinuria or renal insufficiency,
the patient should be referred to a nephrologist for
evaluation.
If isolated glomerular microscopic hematuria is
identified, we recommend follow-up by a primary
care physician, initially at six months and then annually, to check for the development of proteinuria
or renal insufficiency (although there are no data
supporting a specific interval between follow-up
visits). We would not perform a renal biopsy in a patient with isolated glomerular microscopic hematuria, since the limited data available do not suggest
that identification of the specific disease makes any
difference in management or outcome.
If examination of urine does not suggest a glomerular source and the patient is not pregnant, helical CT urography should be performed, first without and then with radiographic contrast medium,
primarily for the detection of occult stone disease
or a mass (in the upper urinary tract or possibly in
the bladder). An examination without contrast medium would be appropriate if stone disease was
suspected clinically. CT is highly sensitive for the
detection of disease in the upper urinary tract; we
do not recommend excretory urography unless CT
is unavailable or deemed too expensive. Ultrasonography can be performed in place of CT (and is
advised for patients with renal failure, pregnancy,
or hypersensitivity to contrast medium), with the understanding that further imaging may be necessary.
If imaging is unrevealing, we recommend obtaining specimens of urine from the first voiding
in the morning on three consecutive days for cytologic analysis in persons older than 40 years of
age, but the insensitivity of cytologic analysis for
the detection of low-grade bladder cancer should
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Urine dipstick test positive
for microscopic heme

Repeated urine dipstick
testing (several days later)

¡

Workup ends (unless
there are risk factors
for bladder cancer)

¡

Evaluation for
hemoglobinuria
or myoglobinuria

+

Microscopical examination
of urine

Acanthocytes or
red-cell casts

Isomorphic red cells

Glomerular hematuria

Nonglomerular hematuria

Isolated microscopic
hematuria

Proteinuria or renal
insufficiency

Helical CT

+

Referral based
on lesion

+

Cystoscopy

¡

Periodic medical follow-up
(for onset of proteinuria
or renal insufficiency)

Nephrology referral

Cytologic analysis of urine
(3 serial first morning
specimens)
¡

≥50 Yr of age or risk factors
for bladder cancer

<50 Yr of age without risk
factors for bladder cancer

Cystoscopy

Workup ends

Figure 2. Evaluation of Microscopic Hematuria.
If hematuria is determined to be nonglomerular in origin, computed tomography (CT) should be performed without
contrast medium if a stone is suspected to be present or first without and then with contrast medium if no stone is suspected. Ultrasonography should be performed instead of CT in pregnant patients and those with hypersensitivity to contrast medium. Risk factors for bladder cancer include cigarette smoking, occupational exposure to chemicals used in
certain industries (leather, dye, and rubber or tire manufacturing), heavy phenacetin use, past treatment with high doses
of cyclophosphamide, and ingestion of aristolochic acid found in some herbal weight-loss preparations. Plus signs indicate positive findings, and minus signs negative findings.
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be recognized. Cystoscopy should be performed if
cytologic analysis of voided urine has identified
neoplastic cells or if the patient has risk factors for
bladder cancer. In the absence of these factors, the
question of the age at which cystoscopy should routinely be performed to evaluate patients of either sex
who have microscopic hematuria remains controversial. At variance with the American Urological
Association, we would not routinely recommend
cystoscopy for all persons older than 40 years of
age, since we believe that such a recommendation
would lead to unnecessary testing, with the attendant expense and potential risks associated with this

invasive procedure; we would, however, recommend yearly follow-up with urinalysis. Recognizing
the trend toward a higher incidence of bladder cancer with advancing age, we would advise men and
women older than 50 years of age who have persistent microscopic hematuria to undergo cystoscopy.
Cystoscopy is also recommended if gross hematuria
develops, because this finding is associated with a
higher risk of urologic cancer than is microscopic
hematuria.2,31
We are indebted to Isaac Stillman, M.D., for his help in producing
the photomicrographs; to Susan Cohen and Sven Paulen, M.D., for
assistance in the translation of a Swedish manuscript; and to Thomasina Shavers for assistance in the preparation of the manuscript.
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