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ABSTRACT

The case of a 35-year-old man presenting microscopic hematuria allows the following topics to be examined in

depth:
1. How is hematuria defined and classified?
2. What are the causes of hematuria?

3. Hematuria is an important sign for the diagnosis of cancer of the urinary system. What are the risk factors

for bladder carcinoma?

4. What is the role of the urinary dipstick test in the diagnosis of hematuria?
5. What s the role of the examination of urine sediment in the diagnosis of hematuria?
6. Once microscopic hematuria is confirmed, how can we proceed to reach a final diagnosis?
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Study case

A 35-year-old man presented to the nephrology clinic for
evaluation of microhematuria. After a positive dipstick test
for blood in the urine, his family physician required an auto-
mated urine test, confirming the presence of 30 red blood
cells (RBCs) per microscopic field.

Family history was remarkable for the presence of kidney
disease, including dialysis, on the maternal side. The physi-
cal examination was normal, with the exception of moderate
high-tone sensorineural hearing loss. A microscopic evalua-
tion of the urinary sediment demonstrated the presence of
dysmorphic RBCs.

How should the finding of hematuria be addressed in this
patient?

How is hematuria defined and classified?
Hematuria is the presence of RBCs (erythrocytes)

in the urine. Hematuria can be broadly divided in two
categories:
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e  Macroscopic hematuria (i.e., grossly visible). This is con-
sidered as little as 1 mL of blood per liter of urine, which
can induce a visible color change (1). It can be accompa-
nied by the passage of blood clots, which usually indi-
cate an origin from the lower urinary tract or from renal
tumors in which massive blood loss accumulates in the
bladder.

e Microscopic hematuria (i.e., detectable only on urine
examination). Clinically significant microscopic hema-
turia is defined as 3 or more RBCs per high power
field (400x), corresponding to 10-12 erythrocytes per
microliter to automated analyzers (2), confirmed in
2 urinalysis test performed when there is no benign
etiology, such as menstruation, recent exercise, recent
sexual activity, or recent instrumentation of the urinary
tract (3).

The incidence of hematuria is about 10%, representing a
clinical finding commonly encountered by primary care phy-
sicians (3). As a general principle, hematuria itself does not
cause direct harm, with the exception of bleeding with clots
blocking the ureter and causing obstructive acute kidney in-
jury, or bleeding with clots blocking the urethra and causing
acute urinary retention. Transient hematuria is common and
almost always benign in young patients, and a cause is often
not identified. An important exception to the typically benign
nature of transient hematuria occurs in patients over the age
of 40 in whom even transient hematuria carries an increased
risk of malignancy (assuming there is no evidence of glomeru-
lar bleeding) (1).

Based on other characteristics, hematuria can also be
classified as:
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e transient or persistent (confirmed in 3 consecutive sam-
ples of urine for more than 3 months);

e isolated or associated (e.g. with proteinuria and/or loss
of renal function)

e Asymptomatic or symptomatic (hypertension, impair-
ment of diuresis, signs of systemic disease)

We can find transient hematuria (micro or macro) in athletes
and people who practice intense physical activity, after physi-
cal exercise. It is an isolated hematuria, but it also can be as-
sociated with proteinuria; although it probably reflects renal
damage, it cannot be considered a sign of disease.

What are the causes of hematuria?

Microhematuria can be of nonglomerular (Tab. 1), glo-
merular (Tab. 1), or uncertain origin (Tab. 1) (4). The etiolo-
gies of microscopic hematuria are numerous and range from
clinically insignificant causes to potentially life-threatening
neoplastic lesions. A consistent number of medications and
medical interventions have also been associated with micro-
hematuria (Tab. IV) (3, 5).

The identification of the glomeruli as the source of bleed-
ing is important both prognostically and to optimize the subse-
guent evaluation for reaching the correct diagnosis. Findings in
support of glomerular etiology include red cell casts, protein
excretion exceeding 500 mg/day at a time when there is no
gross bleeding, a dysmorphic appearance of some red cells
(particularly acanthocytes), and brown, cola-colored urine
(with gross hematuria). Thus, proteinuria (2+ or greater on the
dipstick) is an important indicator of glomerular disease (6).

An additional important abnormality is the presence of
blood clots, which virtually never occur in glomerular disease
(1), perhaps due to the presence of urokinase and tissue-type
plasminogen activators in the glomeruli and the renal tubules.

The most common nonglomerular causes of significant
hematuria (Tab. 1) are:

e Urinary tract infections (e.g. cystitis or prostatitis): These
usually appear with voiding symptoms, especially dys-
uria and acute urinary frequency.

e Urolithiasis: These smaller stones in the kidney are usually
asymptomatic and microhematuria may be the only find-
ing. Larger stones, including Staghorn calculi (that may be
associated with urinary tract infection caused by urease-
producing pathogens), may present with gross hematuria.
Stones moving into the ureters are typically associated
with hematuria and lateralizing, colic flank pain.

e Malignancies: These micro-hematuria are more common
with renal cell carcinomas, whereas gross hematuria
tends to be the most common symptom with urothelial
carcinomas. Typically, prostate cancer causes hematuria
only in the more advanced stages (along with hesitancy,
a weak stream of urine, straining to urinate, chronic uri-
nary retention, overflow, or paradoxical incontinence).

e Benign prostatic hyperplasia (BPH): This may be the most
common cause of micro-hematuria in men (3).

Patients with glomerular causes (Tab. 1) may be asymp-
tomatic or may present with nephritic syndrome, which is
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TABLE | - Non-glomerular causes of microscopic hematuria

Renal
(tubulointerstitial)
and upper urinary
tract causes

Nephrolithiasis

Infections
Pyelonephritis
Renal tuberculosis in endemic areas or
in patients with HIV infection

Schistosoma haematobium in North Africans
Familial

Herediary nephritis

Medullary cystic disease

Multicystic kidney disease

Polycystic kidney disease
Medullary sponge kidney

Metabolic: hypercalciuria, hyperuricosuria
(or both) without documented stones

Renal trauma
Papillary necrosis
Acute tubular necrosis
Ureteral stricture and hydronephrosis
Interstitial nephritis
Drug induced
Infections (syphilis, toxoplasmosis, CMV, EBV)
Systemic disease (sarcoidosis, lymphoma,
Sjogren’s syndrome)
Vascular disease
Arteriovenous malformation
Malignant hypertension
Renal artery embolism/thrombosis
Renal venous thrombosis
Sick cell disease in blacks
Loin pain-hematuria syndrome
Solitary renal cyst
Renal-cell carcinoma

Lower urinary
tract causes

Benign prostatic hypertrophy

Stones

Endometriosis

Foreign bodies

Infections: cystitis, prostatitis and urethritis
Inflammation: radiation or drug induced
Benign bladder and ureteral polyps and tumors
Bladder cancer

Prostate cancer

Urethral and meatal strictures

Schistosoma haematobium in North Africans
Trauma: catheterization, blunt trauma

characterized by hypertension, edema, and renal insuffi-
ciency (3).

In patients with glomerular diseases, the presence and
the kind of casts at urinary microscopy is very helpful in the
differential diagnosis, as outlined below.

2017 The Authors. Published by Wichtig International
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TABLE Il - Glomerular causes of microscopic hematuria

IgA nephropathy (increased incidence in Asians)

Thin basement membrane disease (benign familial hematuria)
Hereditary nephritis (Alport’s syndrome)

Mild focal glomerulonephritis of other causes

Fabry’s disease

Goodpasture’s syndrome

Hemolytic uremia

Henoch-Schénlein purpura

Lupus nephritis

Membranoproliferative glomerulonephritis

Mesangial proliferative glomerulonephritis

Nail-patella syndrome

Other postinfectious glomerulonephritis: endocarditis, viral
Poststreptococcal glomerulonephritis

Vasculitis (polyarteritis nodosa, Wegener's granulomatosis)

TABLE Il - Causes of uncertain origin

Exercise hematuria
“Benign hematuria” (unexplained microscopic hematuria)
Excessive anticoagulation

Drug induced (usually with warfarin)

Secondary to systemic disease

Factitious hematuria (usually presents with gross hematuria)

TABLE IV - Medications and interventions that can cause hema-
turia

Medications Interventions

Penicillins (extended Recent surgery for urolithiasis

spectrum) Urinary tract stenting

Aminoglycosides Transurethral procedures of the

Cephalosporins lower urinary tract

Amitriptyline Transrectal biopsy of the prostate
Cyclophosphamides
NSAIDs

Anticonvulsants

Genitourinary radiation therapy

Bacillus Calmette-Guerin
installations for bladder cancer

Bladder instillations for interstitial

Rifampin '
cystitis

Diuretics

Oral contraceptives
Warfarin
Vincristine

Busulfan
Chloropromazine
Quinine

© 2017 The Authors. Published by Wichtig International
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When persistent hematuria is essentially the only manifes-
tation of glomerular disease, one of four disorders is most likely:

e  Thin basement membrane nephropathy: This inherited
glomerular disorder is defined histologically by diffuse
thinning of the glomerular basement membranes.

e Immunoglobulin A (IgA) nephropathy (Berger’s disease):
This is defined histologically by glomerular IgA deposits,
and may be associated with both micro- and macrohe-
maturia.

e Non-IgA mesangioproliferative glomerulonephritis: In a co-
hort of 57 patients, hematuria was present in about 40%
(macroscopic 16%, microscopic 23%). Patients with macro-
scopic hematuria also had nephrotic range proteinuria (7).

e Alport syndrome: This is an inherited disease (often
X-linked) that results in renal failure, deafness, and ocu-
lar abnormalities. Mutations affect the gene encoding
chains of type IV collagen, the major protein found in the
glomerular basement membrane (8).

Rare causes of hematuria include:

e Arteriovenous malformations and fistulas (AVM). These
can be either congenital or acquired. The primary pre-
senting sign is gross hematuria, but high-output heart
failure and hypertension also may be seen (presumably
due to activation of the renin—angiotensin—aldosterone
system resulting from ischemia distal to the AVM).

e Nutcracker syndrome. This refers to compression of the
left renal vein between the aorta and proximal superior
mesenteric artery, and can cause both microscopic and
gross hematuria. The hematuria is usually asymptom-
atic but may be associated with left flank pain.

e Loin pain hematuria syndrome. This is a disorder charac-
terized by loin or flank pain (often severe) and hematuria
with dysmorphic erythrocytes, suggesting a glomerular
origin (1).

There are often clues from the patient’s history pointing to-
ward a specific diagnosis, such as concurrent pyuria and dys-
uria (urinary tract infections or bladder malignancy), recent
upper respiratory infection (post-infectious glomerulone-
phritis or IgA nephropathy), positive family history of renal
disease (polycystic kidneys), or cyclic hematuria in women
during menstruation (endometriosis of the urinary tract) (1).

If gross hematuria appears throughout the urinary stream,
then it probably originates above the level of the bladder out-
let, including the upper urinary tract and kidneys. If blood is
detected only at the initiation of urination, then it is likely
from the urethra. Gross hematuria at the end of urination
may be from the prostate or bladder neck (3).

The frequency of presentation of the disorders causing he-
maturia modifies with age, especially after the fourth decade;
in these patients, microhematuria from neoplastic cause is
much more likely. Renal cell carcinoma is second, and renal
pelvis or ureteral transitional-cell carcinoma is fifth, among
the most frequent causes of hematuria originating from the
upper urinary tract.

With regard to hematuria from the lower urinary tract,
bladder carcinoma is the second cause, and prostate carcinoma
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TABLE V - Common risk factors for urinary tract malignancy in
patients with microhematuria

Modifiable
Past or present tobacco use

Occupational or other exposure to chemical or dyes (benzenes or
aromatic amines)

Arsenic in drinking water
Very low fluid intake
Drugs
Analgesic abuse (e.g. phenacetin)

Pioglitazone (use for more than one year) — Causal relationship
under investigation

Carcinogenic agents or chemotherapy such as alkylating agents
(particularly cyclophosphamide)

Dietary supplements containing aristolochic acid
Not modifiable
Male gender
Age >35 (9 out of 10 people with bladder cancer are older than 55)
History of gross hematuria
History of urologic disorder or disease
History of irritative voiding symptoms (urgency and frequency)
History of pelvic irradiation
History of chronic UTI
History of chronic indwelling foreign body

the third cause; whereas the frequency of benign lesions (e.g.,
benign bladder and ureteral polyps and tumors) is relatively
reduced.

Hematuria is an important sign for the diagnosis of
cancer of the urinary system. What are the risk factors
for bladder carcinoma?

Most cases of urologic microhematuria are due to benign
prostatic hypertrophy, urinary calculi, and infections. Although
rarer, microhematuria signals urinary tract malignancy in a
clinically relevant number of patients (9). Hematuria may be
present years before bladder cancer is diagnosed. Therefore,
once discovered, microhematuria should be promptly investi-
gated by the physician (10).

As previously outlined, it should be kept in mind that iso-
lated hematuria is rather common, being present in about
10%-13% of the population (11).

Hematuria associated with significant urologic diseases
can be intermittent (12); therefore, the first appearance of as-
ymptomatic microhematuria should be investigated through
urinary sediment analysis. However, the cytological analysis
of urine may produce false negative results and is affected by
many factors, including the number of urine samples exam-
ined and the stage of the cancer.

Cystoscopy is another crucial tool to investigate micro-
hematuria, since it explores the bladder mucosa entirely, as
well as the urethra and ureteral orifices. The cystoscopy exam
should be performed on all adults over 35 years affected by
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microhematuria, and on all patients who present risk factors
for the development of bladder cancer (Tab. V). A 2-tiered
screening, in which a repetitive hematuria test is followed by
cystoscopy, may help to discover lesions in the early stages
when they are not invasive yet. The patient should repeat the
urine analysis at least once every 12 months for 2 years. If the
analysis is found negative at each control, the patient may
be released from care, but if changes in the clinical scenario
appear (e.g., an increase in the microhematuria, the appear-
ance of proteinuria or dysmorphic RBCs, the development of
gross hematuria, pain, hypertension) there should be a re-
evaluation of the case (9).

Many urine markers have also been proposed for bladder
cancer diagnosis and surveillance; however, none of them
have proved sensitive and specific enough to replace cystos-
copy. The combination of multiple urinary biomarkers with
cytology has shown interesting results (13), but, overall, the
available evidence is insufficient to warrant the substitution
of the cystoscopic follow-up scheme with any of the currently
available urine marker tests (14).

What is the role of the urinary dipstick test in the
diagnosis of hematuria?

The simplest, most common and less expensive way to
detect hematuria is the urinary dipstick test (UDT). This test
is based on the detection of hemoglobin, either free in the
urine or bonded to urinary RBCs, through a chemical reaction
between hydrogen peroxide and a chromogen (15).

How to perform the test

To do a UDT, the patient is required to provide a fresh, mid-
stream urine sample. To avoid flawed results, the urine sam-
ple should not be stored at room temperature for more than
2 hours. Furthermore, the dipsticks should be stored at the
correct temperature and not have expired. When performing
the test, the dipstick should be quickly and completely im-
merged into the urine sample, then it should be tapped on
its edge with the purpose of eliminating excess urine and the
reduction of the mixture of reagents from different test pads.
After that, if hematuria is detected, the dipstick will show a
positive color reaction, with the degree of color change re-
flecting the amount of hemoglobin in the specimen (3).

Efficiency for diagnosis

The UDT is very useful to establish the presence of he-
maturia in the primary care setting. In fact, its sensitivity is
91%-100%, but there are many false positive results because
of its lower specificity, ranging from 65%-99% for 2 and for 5
RBCs per higher power microscopic field (HPF), respectively
(15). Moreover, UDT is considered an unreliable method, ac-
ceptable in the sole contest of level-one diagnostics, because
of its inadequate standardization and the low expertise of op-
erators that can perform it. In fact, UDT can be made directly
by patients at home (auto-diagnosis) or by health operators
without specific competence in the laboratory field (2).

We have to consider the large number of false positive
results, which are caused by (1):

2017 The Authors. Published by Wichtig International
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- hemoglobinuria and myoglobinuria;

- concentrated urine;

- menstrual blood;

- vigorous exercise (16);

- alkaline urine (17);

- oxidizing contaminants (e.g., hypochlorite, povidone);
- semen (18).

For this reason, the most recent American Urological Asso-
ciation Guidelines for the evaluation of asymptomatic micro-
scopic hematuria in adults suggest that, after a positive UDT,
microscopic examination of the specimen is needed to con-
firm the diagnosis of hematuria (9).

A positive dipstick test with a negative microscopic uri-
nalysis can be identified as “dipstick pseudohematuria,”
which is considered an insignificant clinical finding (19).
Symptom-free patients with “dipstick hematuria” without
microscopic hematuria do not need further nephrologic or
urologic evaluation.

False negative results may be due to a high concentra-
tion of ascorbic acid (20), a urinary pH of <5.1, or prolonged
exposure of the dipstick to air (16). However, false negatives
are very rare, and a negative dipstick can rule out abnormal
hematuria (17).

To allow proper use of the UDT when it is performed,
there are some recommendations that must be taken into
account:

e The automatized interpretation of UDT is strongly recom-
mended to eliminate the subjectivity linked to the evalu-
ation of chromatic change.

e UDT is not recommended in hospitals in which a 24-hour
laboratory is available.

e The analytical valence of UDT must be only used as a sup-
port of clinical suspicion, requiring further investigation
when results are discordant.

e The presence of tables including all the interferences
that could lead to flawed results is recommended to
eliminate analytical uncertainty in data evaluation.

e The storage of results is recommended to permit revalu-
ation in the light of any change in the patient’s clinical
status and the longitudinal evaluation of data (2).

For urinary tract cancer, there is controversy on the evalua-
tion of asymptomatic microscopic hematuria as a marker of
occult cancer (21).

Early studies (22, 23), in which a cohort of asymptomatic
men was screened for microhematuria using UDT at home
for long periods, concluded that a hematuria home-screening
regimen, followed by a complete urologic evaluation, was
feasible and economical, promoting the early detection of
urinary tract cancers and other diseases in men more than
50 years old. However, further evaluation of this approach
raised concerns on the low positive predictive value (PPV) of
hematuria screening, due to the large variety of benign uro-
logic conditions associated with microhematuria, making the
costs of screening unaffordable. Indeed, in an asymptomatic
population screened for microhematuria the incidence of
bladder cancer was similar between patients with positive
and negative UDT, confirming the low PPV, and, therefore,

© 2017 The Authors. Published by Wichtig International
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the lack of recommendation to screen asymptomatic adults
(24). To overcome this problem, hematuria screening using
UDT in combination with an available molecular marker test
could reduce the number of false positive tests and increase
the cost effectiveness and public acceptance (25).

Currently, routine testing for hematuria to screen for blad-
der cancer in asymptomatic patients is discouraged (19, 21).

The American College of Physicians (21), after reviewing
the available guidelines and best practice policy recommen-
dations, also suggested additional “high value care advice”
regarding hematuria:

* Include gross hematuria in the routine review of systems
and specifically ask all patients with microscopic hematu-
ria about any history of gross hematuria.

e  Confirm positive results of dipstick testing with microscop-
ic urinalysis that demonstrates 3 or more erythrocytes per
high-powered field before initiating further evaluation in
all asymptomatic adults.

e Refer for further urologic evaluation in all adults with
gross hematuria, even if self-limited.

e Consider urology referral for cystoscopy and imaging in
adults with microscopically confirmed hematuria in the
absence of some demonstrable benign cause.

e  Pursue evaluation of hematuria even if the patient is re-
ceiving antiplatelet or anticoagulant therapy.

e Avoid obtaining urinary cytology or other urine-based
molecular markers for bladder cancer detection in the
initial evaluation of hematuria.

Concerning the role of UDT in the evaluation of patients with
suspected renal colic at the emergency department, it is use-
ful to detect hematuria because of its high level of accuracy
(sensitivity 92.5% in patients with ureteral stones and 60% in
those with renal stones) (26).

In conclusion, the UDT is a useful first-line test for detect-
ing hematuria that can be easily performed at point of care,
but it needs further diagnostic studies. It should be used in
symptomatic patients, because screening in asymptomatic
patients has not been proved to be cost effective. Possible
harm of the evaluation of hematuria as a marker of occult
urinary tract cancer include complications related to cystos-
copy (pain or infection), radiation exposure (for computed
tomography [CT]), hypersensitivity reactions and contrast
nephropathy (for iodinated contrast with CT), and potential
association with subsequent unnecessary, invasive, and ex-
pensive procedures (21).

What is the role of the examination of urine sediment
in the diagnosis of hematuria?

The exam of urine sediment is considered the gold stan-
dard for the diagnosis of microscopic hematuria (27-29). In
addition to manual urinary microscopy, automated instru-
ments, based on either flow cytometry or digitized micros-
copy, are currently in use in clinical laboratories. Automated
urinary microscopy allows the examination of large numbers
of samples over a limited time, and is considered reproduc-
ible, accurate, and more economic than manual microscopy
because of labor cost savings.
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How to perform manual urinary microscopy

The analysis should be done on a first-morning midstream
urine specimen, obtained with a clean-catch technique (30).
Although prior cleansing of the external genitalia often is rec-
ommended in women, it has no proven benefit. The urine
sample should be analyzed shortly after collection (1 hour
maximum), otherwise the specimen must be refrigerated to
prevent pH alteration, osmotic lysis of RBCs, and overgrowth
of bacteria. The specimen should be prepared with a standard
technique: 10 mL from the specimen has to be centrifuged in
15 mL tubes at 2,000 rpm for 10 minutes (or, alternatively [16],
5 mL from the specimen at 3,000 rpm for 5 minutes). Then, the
supernatant should be discarded and the sediment should be
suspended again in 0.3 mL of supernatant or saline. The speci-
men then should be placed on a microscopic slide and covered
with a cover slip.

Positivity for microhematuria is defined by the finding of
3 or more RBCs/HPF, according to American Urologic Associa-
tion Guidelines (9). For an accurate evaluation with manual
microscopy, a phase-contrast microscope is recommended to
make it possible to discriminate between the glomerular or
nonglomerular origin of the bleeding through the morphology
of the RBCs (16). As alternatives to manual urinary micros-
copy, there are 2 types of machines for counting urine par-
ticles, using either flow cytometry with fluorescent dyes or
software analysis for digitized microscopic images (29). Laser-
based flow cytometry has been shown to be useful in screen-
ing for pyuria, bacteriuria, and hematuria, reducing the need
for microscopy or culture (31). However, this produces scat-
tergrams rather than images, and microscopy is still required
to differentiate similar particles, such as dysmorphic and iso-
morphic RBCs. Interestingly, with digitized instruments, the
actual images of the urinary sediment can be reviewed by the
pathologist or nephrologist, if needed, for a closer evalua-
tion of the individual patient sample (32). In addition, images
are digitally stored and they can be sent to other sites for re-
view (29). Regardless of the employed method, microscopy
sediment evaluation remains the gold standard analysis to
confirm the dipstick’s diagnosis of microhematuria.

False positive cases may occur in menstruating and post-
partum women, patients who performed physical exercise
(it is recommended to wait at least 48 hours to collect the
urine specimen), and patients with urinary catheterization.
False negative cases are uncommon, but they can occur if the
analysis starts more than 1 hour after urine collection, or if an
osmotic lysis of RBCs occurs in much diluted urine.

Efficiency for diagnosis

In order to confirm the diagnosis of suspected microscopic
hematuria from a positive dipstick, not only the presence or
absence of RBCs has to be investigated, but also the associa-
tion of hematuria and other patterns of the urinary sediment
(1). Observing the morphology of RBCs, analysis of the urine
sediment is useful to distinguish glomerular or nonglomerular
bleeding (Fig. 1). A glomerular source of the bleeding is sug-
gested by the presence of RBC casts, the dysmorphic aspect
of some RBCs, and brown, cola-colored urine. Often, glomeru-
lar bleeding is also suggested by the onset of temporally re-
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Isomorphic RBC

Dysmorphic RBC

RBC cast

Fig. 1 - Representative images of isomorphic and dysmorphic red
blood cells (RBC). An erythrocytes cast is also presented.

lated proteinuria exceeding 500 mg/day (1). In nonglomerular
bleeding, RBCs are isomorphic (uniform, biconcave disk shape)
and casts are absent. According to the American Urologic As-
sociation Best Practice Guidelines, the cut-off identified for
glomerular bleeding is associated with at least 80% dysmor-
phic RBCs, and lower urinary tract bleeding is associated with
at least 80% RBCs of normal morphology. Percentages falling
between these values are indeterminate and could represent
bleeding from either source (12). However, Fogazzi et al (33)
suggested a cut-off of 40% dysmorphic erythrocytes for the di-
agnosis of hematuria of glomerular origin. Acanthocytes, ring-
formed erythrocytes of variable size and shape characterized
by several membrane protrusions, represent a characteristic
form of dysmorphic erythrocytes, indicating hematuria of glo-
merular origin. They correlate strictly with glomerular disease
if they represent >5% of excreted RBCs, showing a sensitivity of
52% and a specificity of 98% (34).

When a nonglomerular bleeding is confirmed, a urology
referral is suggested; whereas a bleeding of glomerular ori-
gin requires a nephrologic consult. The optimal recognition of
RBC morphology requires an inverted phase-contrast micro-
scope, and this fact makes it difficult to utilize the cell’s shape
to identify the source of the bleeding in clinical practice at
point of care. The subjective nature of identifying “dysmor-
phism” is another potential limitation. However, the develop-
ment of digitized urine microscopy with remote access to the
central laboratory could enable nephrologists to personally
examine their patients’ urine in everyday office practice, and
rekindle their interest in the urinary sediment (29). An alter-
native point of care development could be the availability of
miniaturizing digital analyzers for personal use.

Considering the available techniques used to perform
urine sediment analysis (conventional microscopy, contrast

© 2017 The Authors. Published by Wichtig International
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Fig. 2 - Diagnostic algorithm for microscopic hematuria. (A) Depiction of how to approach a positive urinary dipstick test. (B) An indication
of the diagnostic approach to microhematuria based on the absence or presence of dysmorphic red blood cells.

phase microscopy, and automated analyzer), sensitivity and
specificity have wide ranges in detecting the glomerular
causes of microhematuria: from 31.9% to 100% for sensitiv-
ity, and from 33.3% to 100% for specificity (9).

Microscopic urinalysis is also recommended to evaluate a
flank pain or urinary symptoms, such as frequency, urgency,
retention, and dysuria. In patients with renal colic, the UDT
has a high sensitivity for the diagnosis of hematuria associ-
ated with nephrolithiasis, so it is not necessary to perform
the urine sediment analysis if the UDT is positive. However,
when the UDT is negative or doubtful, microscopic analysis is
required (26).

Once microscopic hematuria is confirmed, how we can
proceed to reach a final diagnosis?

Figure 2 describes an algorithm for identifying the cause
of microscopic hematuria. To evaluate the origins of the he-
maturia, the first investigation is the analysis of the urinary
sediment, where it is possible to distinguish two main forms of
RBC: isomorphic and dysmorphic. The former is normally pres-
ent in urinary tract or extra-glomerular bleeding; the latter is
typically found in glomerular disease (1, 4, 9). Another charac-
teristic marker of glomerular bleeding is acanthocyturia. In ad-
dition, the examination of urinary sediment with the analysis
of different casts, if present, is a crucial point in the diagnostic
approach of patients with microhematuria, especially when it
is associated with proteinuria. A thorough dissertation on uri-
nary cast is out of the scope of this manuscript.

Diagnostic path for probable glomerular disease

Once the glomerular origin of hematuria has been ascer-
tained, it is necessary to consider the presence of symptoms or
other abnormalities, such as proteinuria, oliguria, edema, hy-
pertension, and a decrease in the glomerular filtration rate. If
these elements are present, with a clincal picture ranging from
oligo-symptomatic manifestations to the classic nephrotic or
nephritic syndrome, further possible investigations are sero-
logical analyses and renal biopsy (3, 21, 35). In the case of iso-
lated hematuria, the common practice instead is wait and see,

© 2017 The Authors. Published by Wichtig International

especially in young patients, because benign causes of isolated
and intermittent hematuria are particularly common.

As dysmorphic RBCs also may occur with nonglomerular
causes of hematuria, a urological work-up can be considered (3).

Diagnostic path for probable urinary tract or
extra-glomerular disease

If isomorphic RBCs are found, the diagnosis is generally
linked to extra-glomerular causes. If the patient has symp-
toms of infection (e.g., fever, flank pain, or dysuria) with signs
of inflammation (e.g., elevated C-reactive protein), then a
urinalysis with culture should be undertaken to identify the
pathogenic source. In the case of positive results, antibiotic
therapy is suggested. After treatment, urinalysis should be re-
peated in order to evaluate the patient’s health status. (3, 9).
If the patient has abdominal pain suggesting a renal colic, it
should be investigated for the presence of stones. To confirm
the diagnosis, ultrasonography or a non-contrast-enhanced
CT scan (sensibility 94%~98%) should be prescribed (12). If
risk factors for malignancy are present, a screening cystosco-
py and cytologic exam are suggested (21). In selected cases,
the diagnostic hypothesis of malignancy could be further ex-
amined with a CT scan. Alternative examinations with lower
sensibility and/or specificity are ultrasound and magnetic
resonance imaging (3, 9, 12).

Conclusion

Based on the approach revealed in this article, microhe-
maturia in this patient was considered of glomerular origin.
Microhematuria associated with a positive family history and
hearing loss led to the clinical diagnosis of Alport’s syndrome.
A renal biopsy and genetic tests were performed, which con-
firmed the clinical diagnosis.
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